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REMARKS 



In the Claims: 

Claims 22-26 are currently pending. 



Rejections: 
35 U.S.C.§101 

Claims 22-26 stand rejected under 35 U.S.C. § 101 as allegedly not being supported by 
either a credible, specific and substantial utility or a well established utility. In particular, 
the Office action alleges that "the results of the MLR assay do not support a specific and 
substantial utility for the claimed invention because the assay is not predictive of 
immune response in general, and one of ordinary skill in the art would not expect a 
stimulatory effect in the MLC assay to correlate to a general stimulatory effect on the 
immune system, absent evidence to the contrary." (Page 6 of the Office action mailed 1 
November 2005). The Office action concludes that "the only immediate apparent utility 
for the instant invention would be further scientific characterization of PR0361 
polypeptide and an antibody that binds to this protein." (Page 6 of the Office action 
mailed 1 November 2005). 

Applicants respectfully disagree. As previously argued, Applicants maintain that the 
claimed antibodies, which bind the PRO 361 polypeptide, find utility in preventing 
suppression of an immune response. In particular, as explained at Example 34, found 
on page 141 , Applicants disclose that the PR0361 polypeptide tested positive in the 
Mixed Lymphocyte Reaction (MLR) Assay, which indicates that the PR0361 
polypeptide functions as an inhibitor of the proliferation of stimulated T-lymphocytes. At 
page 141 , lines 8-9, the specification sets forth how PR0361 may be used, based on 
this function: "[compounds which inhibit proliferation of lymphocytes are useful 
therapeutically where suppression of an immune response is beneficial." Thus, 
Applicants respectfully maintain that the asserted utility for the claimed antibodies is 
specific and substantial because one of ordinary skill in the art would know that 
antibodies to PR0361 are useful for preventing suppression of an immune response. 
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In rejecting Applicants' assertion of utility based on Applicants' reliance on the MLR 
assay, the Office applies an incorrect legal standard. When the proper legal 
standard is applied, it is clear that the results obtained with PR0361 in the MLR 
assay provide a specific and substantial utility for the claimed antibodies that bind 
the PR0361 polypeptide. 

In interpreting the utility requirement set forth in 35 U.S.C. § 101, the CCPA, in Nelson 
v. Bowler, 626 F.2d 853, 206 USPQ (BNA) 881 (C.C.P.A. 1980), acknowledged that 
tests evidencing pharmacological activity of a compound may establish practical utility, 
even though they may not establish a specific therapeutic use. The court held that 
"since it is crucial to provide researchers with an incentive to disclose pharmaceutical 
activities in as many compounds as possible, we conclude adequate proof of any such 
activity constitutes a showing of practical utility." Id. at 856, 206 USPQ (BNA) at 883. 

In Cross v. lizuka, 753 F.2d 1047, 224 USPQ (BNA) 739 (Fed. Cir. 1985), the CAFC 
reaffirmed Nelson, and added that in vitro results might be sufficient to support practical 
utility, explaining that "in vitro testing, in general, is relatively less complex, less time 
consuming, and less expensive than in vivo testing. Moreover, in vitro results with the 
particular pharmacological activity are generally predictive of in vivo test results, i.e. there 
is a reasonable correlation there between." Id. at 1050, 224 USPQ (BNA) at 747. The 
court perceived "no insurmountable difficulty" in finding that, under appropriate 
circumstances, "in vitro testing, may establish a practical utility." Id. 

The case law has also clearly established that applicants' statements of utility will be 

sufficient to satisfy the utility requirement of 35 U.S.C. §101 , "unless there is a reason for 

one skilled in the art to question the objective truth of the statement of utility or its scope." 

In re Langer, 503 F.2d 1380,1391, 183 USPQ (BNA) 288, 297 (CCPA. 1974). See also 

In re Jolles, 628 F.2d 1322, 206 USPQ (BNA) 885 (CCPA. 1980); In re Irons, 340 F.2d 

974, 144 USPQ (BNA) 351 (1965); In re Sichert, 566 F.2d 1154, 1159, 196 USPQ (BNA) 

209, 212-13 (CCPA. 1977). Compliance with 35 U.S.C. §101 is a question of fact. 

Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ (BNA) 592, 596 (Fed. Cir. 1983) cert. 

denied, 469 US 835 (1984). The evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the totality of the evidence 
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under consideration. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d (BNA) 1443, 1444 
(Fed. Cir. 1992). Thus, to overcome the presumption of truth that an assertion of utility by 
the applicant enjoys, the Examiner must establish that it is more likely than not that one of 
ordinary skill in the art would doubt the truth of the statement of utility. Only after the 
Examiner made a proper prima facie showing of lack of utility, does the burden of rebuttal 
shift to the applicant. The issue will then be decided on the totality of evidence. 

In the present case, rejection of claims 22-26 for alleged lack of utility is improper because 
the Office has failed to make a prima facie showing of lack of utility. Indeed, although the 
Office action provides an explanation of the MLR assay as that assay typically is used, the 
reasoning for rejecting Applicants' reliance on the MLR assay provided in the Office action 
does not alone make it more likely than not that one of ordinary skill in the art would doubt 
the truth of Applicants' statement of utility. Making a prima facie showing that one of 
ordinary skill in the art would doubt the truth of Applicants' statement of utility is a 
significant burden to overcome because statistical certainty regarding Applicants' assertion 
of utility is not required to satisfy 35 U.S.C. § 101. Nelson v. Bowler, 626 F.2d at 856-857, 
205 USPQ at 883-884. Indeed, where, as here, an applicant has specifically asserted that 
an invention has a particular utility, that assertion cannot simply be dismissed as "wrong" 
even where there may be some reason to question the assertion. MPEP § 2107.02. 

Moreover, a 35 U.S.C. § 101 rejection should only be sustained where the asserted utility 
violates a scientific principle or is wholly inconsistent with contemporary knowledge in the 
art. In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 (CCPA 1967). Indeed, "any 
reasonable use that an applicant has identified for the invention that can be viewed as 
providing a public benefit should be accepted as sufficient, at least with regard to defining 
a 'substantial utility.'" MPEP §2107.01. As discussed below, when the legal standard is 
properly applied, it is clear that the Office action does not meet the burden of establishing 
that more likely than not one of ordinary skill in the art would question the truth of 
Applicants' assertion of utility. 

The Office action does not allege that the asserted utility violates any scientific principle 
or is wholly inconsistent with contemporary knowledge but rather rejects Applicants' 
reliance on the MLR assay for two main reasons. First, the Office action alleges that 
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the MLR assay "does not appear to be predictive of general responses in vivo" (Page 6 
of the Office action mailed November 1, 2005). Second, the Office action alleges that 
"[t[he specification indicates that CD4-lgG was used as a control, but it is not clear how 
this would control for background stimulation or provide for a measure of maximal 
stimulation . . . and the specification fails to provide any data or evidence of the results 
of the assay, therefore, one of ordinary skill in the art cannot evaluate the conclusion." 
(Page 6 of the Office action mailed November 1, 2005). 

Neither of these bases is sufficient to establish a prima facie showing that one of 
ordinary skill in the art would doubt Applicants' assertion of utility. First, the Office 
action does not provide any documentary evidence establishing that MLR assay is not 
predictive of general immune responses in vivo. Indeed, the MLR is a well-established 
in vitro assay for assessing the ability of a test compound to stimulate or suppress T cell 
proliferation, and consequently the immune response of an individual. The MLR assay 
is described in standard textbooks, including, for example, Current Protocols in 
Immunology, unit 3.12; edited by Richard M. Cocio et al., National Institutes of Health, 
published by John Wiley & Sons, Inc., the entire contents of which are incorporated in 
the present specification by reference at page 141, Example 34. 

As the Office action states, MLR has been extensively used and is considered to be the 
best in vitro model available to study graft-versus-host disease and graft rejection. It is 
well known that the transplantation of tissues or organs between individuals with MHC 
incompatibilities quickly activates the recipient's immune system, which then attempts to 
destroy the transplanted tissue or organ. Transplantation across minor 
histocompatibility loci generally induces a slower response. Physicians analyze the 
major and minor histocompatibility differences to predict the success of the graft and to 
adjust the aggressiveness of immunosuppressive therapy. MLR can be monitored 
qualitatively, for example, by following the incorporation of tritiated thymidine during 
DNA synthesis, by observing blast formation or by similar methods known in the art. 

But in addition to being useful for determining histocompatibility, when used as in the 
present invention, the MLR assay is useful for detecting immunostimulatory or 
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immunoinhibitory activities of molecules like PR0361 . Indeed, the MLR assay is widely 
used and is considered a standard assay for testing drug candidates that are potential 
immunomodulators. For example, the Gubler et al. reference, PNAS, 88:4143-4147 
(1991), submitted in connection with the Fong Declaration on August 3, 2005, teaches 
that the MLR assay was key to identifying IL-12 as an immunostimulant of T- 
lymphocytes. In another example, the ability of tepoxalin, an immunomodulatory 
compound, to suppress graft-versus-host reaction, was first demonstrated by inhibition 
of proliferation of stimulated T-lymphocytes in an MLR assay. See Fung-Leung et al., 
Transplantation, 60:362-8 (1995)(submitted herewith). 

In this capacity, the MLR assay is well described in the specification at page 141 , 
Example 34, and in the Fong Declaration. In particular, at page 141, the specification 
describes the protocol for the MLR assay used in the present invention. For example, 
at lines 13-26, the specification states: 

More specifically, in one assay variant, peripheral blood 
mononuclear cells (PBMC) are isolated from mammalian 
individuals, for example a human volunteer, by leukopheresis 
(one donor will supply stimulator PBMCs, the other donor will 
supply responder PBMCs). If desired, the cells are frozen in 
fetal bovine serum and DMSO after isolation. Frozen cells 
may be thawed overnight in assay media (37° C, 5% CO2) 
and then washed and resuspended to 3x1 0 6 cells/ml of assay 
media (RPMI; 10% fetal bovine serum, 1% 
penicillin/streptomycin, 1% glutamine, 1% HEPES, 1% non- 
essential amino acids, 1% pyruvate). The stimulator PBMCs 
are prepared by irradiating the cells (about 3000 Rads). 

The assay is prepared by plating in triplicate wells a mixture 
of: 

100:1 of test sample diluted to 1% or to 0.1%, 
50:1 of irradiated stimulator cells, and 
50:1 of responder PBMC cells. 

100 microliters of cell culture media or 100 microliter of CD4- 
IgG is used as the control. The wells are then incubated at 
37°C, 5% C0 2 for 4 days. On day 5, each well is pulsed with 
tritiated thymidine (1.0 mC/well; Amersham). After 6 hours 
the cells are washed 3 times and then the uptake of the label 
is evaluated. 
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In his declaration, Dr. Fong further explains that irradiating the PBMCs results in a 
population of antigen presenting cells that is mainly comprised of dendritic cells. At 
paragraph 7 of his declaration, Dr. Fong explains that this is an important step in the 
MLR assay because: 

Dendritic cells are the most potent antigen-presenting cells, 
which are able to "prime" naive T cells in vivo. They carry on 
their surface high levels of major histocompatibility complex 
(MHC) products, the primary antigens for stimulating T-cell 
proliferation. Dendritic cells provide the T-cells with potent 
and needed accessory or costimulatory substances, in 
addition to giving them the T-cell maturing antigenic signal to 
begin proliferation and carry out their function. Once 
activated by dendritic cells, the T-cells are capable of 
interacting with other antigen presenting B cells and 
macrophages to produce additional immune responses from 
these cells. 

Thus, as Dr. Fong explains at paragraph 8: 

The MLR assay of the present application is designed to 
measure the ability of a test substance to "drive" the dendritic 
cells to induce the proliferation of T-cells that are activated, or 
co-stimulated in the MLR, and thus identifies immune 
stimulants that can boost the immune system to respond to a 
particular antigen that may not have been immunologically 
active previously. 

Similarly, as used in the present invention, the MLR assay is useful for measuring the 
ability of a test substance (or "test sample" as it is referred to in the specification at page 
141) to "inhibit" the drive of dendritic cells to induce the proliferation of T-cells. 
Therefore, as used in the present invention, the MLR assay is neither a general 
predictor of immune response nor a measure of histocompatibility, but rather is a 
specific assay designed to test the ability of a sample, such as the polypeptide of SEQ 
ID NO:83 or a polypeptide encoded by the nucleic acid of SEQ ID NO:82, to inhibit the 
drive of dendritic cells to induce T-cell proliferation. 

Second, adequate controls for using the MLR assay are both disclosed in the 
specification and known in the art. Further, one of ordinary skill in the art would 
appreciate that CD4-lgG is an antibody that might be used as a negative control in the 

8 



Appl. No. 10/735,014 

Amendment Dated 27 December 2005 

Response to the Office Action Mailed November 1, 2005 

MLR assay. In particular, the CD4-lgG antibody can serve as a control for background 
stimulation by blocking or preventing activation of allogeneic responder cells. 

In addition, Applicants disclose that cell culture media can be used as a control. Skilled 
artisans would appreciate that cell culture media would serve as a control by providing 
another measure of background levels. Applicants have also incorporated by reference 
the procedures described in Current Protocols in Immunology, unit 3.12. (See Coico, R 
(Ed.), AM et al. Proliferative Assays for T Cell Function. Current Protocols in 
Immunology, 1991 vol. 1; 3.12-1-3.12.14, submitted with the Fong Declaration August 3, 
2005). Current Protocols teaches that "separate wells with control cultures should be 
set up that include - for each dose of responder and stimulator cells - replicate wells of 
responder cells with irradiated or mitomycin C-treated syngeneic stimulator cells." 
Current Protocols also teaches that values obtained from these controls will reflect 
background proliferation levels. In addition, negative controls, such as wells with either 
only stimulator cells or only responder cells might be included as a parameter of the 
MLR assay. Thus, sufficient controls for MLR are both known in the art and disclosed 
by Applicants such that meaningful results can be achieved using this assay. 

Further, one of ordinary skill in the art would be able to evaluate the results of an MLR 
assay conducted using the PR0361 polypeptide because the specification makes clear 
that any decrease below control is a positive result, with decreases of less than or equal 
to 80% being preferred. 

However, even if a prima facie case of lack of utility were made on either (or both) of the 
bases argued by the Examiner, the evidence submitted by Applicants clearly rebuts 
such a case. With regard to the Examiner's first basis for alleging lack of utility, 
Applicants have submitted and herein submit substantial evidence demonstrating that 
generally, if a test substance shows the ability to inhibit proliferation of lymphocytes in 
the MLR in vitro assay, it is more likely than not that the test substance will exhibit the 
same inhibitory activity in vivo. With regard to the Examiner's second basis for alleging 
lack of utility, Applicants also have demonstrated that sufficient controls were both 
disclosed in the specification and known in the art and that one of ordinary skill in the art 
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would be able to evaluate whether a particular compound tested positive in the MLR 
assay. 

In rejecting the present invention for lack of utility, the Examiner fails to cite any 
references supporting the position taken in the Office action that one of ordinary skill in 
the art would doubt the truth of Applicants* assertion of utility based on the function of 
the PR0361 polypeptide demonstrated in the MLR assay. Instead, the Office action 
rejects Applicants' assertion of utility because allegedly, the MLR assay does not 
appear to be predictive of general immune responses in vivo. However, the claims do 
not require predictability of general immune responses nor is the utility of the present 
invention dependent on the predictability of general immune responses. Rather, the 
claims of the present invention are directed to anitbodies that bind to polypeptides which 
inhibit stimulated T-cell proliferation in the MLR assay. This characteristic of the 
PR0361 polypeptide is demonstrated by Example 34, which is a particular MLR assay 
designed to test the ability of a test sample, such as the PR0361 polypeptide, to inhibit 
T-cell proliferation. 

Moreover, numerous in vitro MLR assay results which show either inhibition or 
stimulation of T cell proliferation by a test substance, as does the MLR in the present 
invention, have been confirmed in vivo. See e.g. the references submitted with the 
Amendment and Request for Reconsideration mailed August 3, 2005. In addition to the 
references submitted August 3, 2005, Applicants herein submit a 1993 reference by 
Wolos etal., reporting that in vitro MDL 28,842 (a S-adenosyl-L-homocysteine 
hydrolase inhibitor, (Z)-5'-fluror-4\5'-didehydro-5'-deoxyadenosine) inhibited the 
generation of cytotoxic T-cells in MLR with an IC50 of less than 0.1 microM. Wolos et 
al. further report that MDL 28,842 completely inhibited the generation cytotoxic T-cells 
when added up to 3 days after the initiation of culture with no apparent cell toxicity, in 
vivo f MDL 28,842 inhibited the increase in popliteal lymph node weight induced by 
injection of allogeneic spleen cells. MDL 28,842 was also evaluated in the model of 
graft rejection. Skin allografts on animals given MDL 28,842 survived for 12.2 days, 
compared to 8.7 days for control animals. Wolos et al., "Immunomodulation by an 
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inhibitor of S-adenosyl-L-homocysteine hydrolase: inhibition of in vitro and in vivo 
allogeneic responses." Cell Immunol. 1993 149(2):402-8 (submitted herewith). 

Applicants also submit herewith a 1995 article by Fung-Leung et al., reporting that 
tepoxalin suppressed murine T-cell proliferation in MLR and then demonstrating that 
oral administration of tepoxalin to mice suppressed local graft-versus host disease by 
about 40%. See Fung-Leung et al., "Tepoxalin, a novel immunomodulatory compound, 
synergizes with CsA in suppression of graft-versus-host reaction and allogeneic skin 
graft rejection." Transplantation. 1995 60(4):362-8 (submitted herewith). 

In addition, Townsend et al., reported in 1998, that a CD4-CDR3 peptide analog 
exhibited similar results both in vitro in MLR assays and in vivo in analyses of the 
effectiveness of the peptide analog at preventing graft-versus-host disease. Townsend 
et al, "Combination therapy with a CD4-CDR3 peptide analog and cyclosporine A to 
prevent graft-vs-host disease in a MHC-haploidentical bone marrow transplant model." 
Clin Immunol. Immunopathol. 1998 86(1):1 15-9 (submitted herewith). See also 
Townsend et al, "Inhibitory effect of a CD4-CDR3 peptide analog on graft-versus-host 
disease across a major histocompatibility complex-haploidentical barrier." Blood. 1996 
88(8):3038-47 (submitted herewith); Furukawa etai, "Immunomodulation by an 
adenylate cyclase activator, NKH477, in vivo and vitro." Clin Immunol. Immunopathol. 
1996 79(1):25-35 (submitted herewith). 

Thus, the inhibition of T-cell proliferation by SEQ ID NO: 83 (or with the nucleic acid 
sequence encoding the polypeptide of SEQ ID NO: 82); as seen in the MLR results 
described at page 141 of the specification, would be expected to correlate with in vivo 
results. The articles discussed herein collectively teach that in general, in vitro activity 
demonstrated in an MLR assay correlates with an in vivo effect . Significantly, as 
discussed above, the law does not require the existence of a strong or linear correlation 
between in vitro and in vivo activity. Nor does the law require that such a correlation 
"always" be observed. See e.g., Nelson v. Bowler, 626 F.2d at 856-857, 205 USPQ at 
883-884. 
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Hence, taken in total, as the evidence must be, in the majority of cases , the teachings in 
the art, as exemplified by Gubler et al., Wolos et a/., Fung-Leung et al, Townsend et a/., 
and Furukawa et al., the Fong Declaration, and the references cited therewith, 
overwhelmingly show that an activity demonstrated in the in vitro MLR assay correlates 
with in vivo activity. Thus, one of skill in the art would reasonably expect in this 
instance, based on the MLR data demonstrating the PR0361 polypeptide has an 
inhibitory effect on lymphocyte proliferation in vitro, that PR0361 polypeptides will have 
an inhibitory effect on lymphocyte proliferation in vivo. Accordingly, Applicants have 
overcome any prima facie case of lack of utility because the claimed antibodies, which 
bind the PR0361 polypeptide, have utility in preventing the suppression of the immune 
response. 

Further, as discussed above, one of ordinary skill in the art would appreciate that CD4- 
IgG is an antibody that might be used as a negative control by blocking or preventing 
activation of allogeneic responder cells. In addition, Applicants disclose that cell culture 
media can be used as a control. Skilled artisans would appreciate that cell culture 
media would serve as a control by providing a measure of background levels. 
Applicants have also incorporated by reference the procedures described in Current 
Protocols in Immunology, unit 3.12. Current Protocols teaches that "separate wells with 
control cultures should be set up that include - for each dose of responder and 
stimulator cells - replicate wells of responder cells with irradiated or mitomycin C- 
treated syngeneic stimulator cells." Current Protocols also teaches that values obtained 
from these controls will reflect background proliferation levels. In addition, negative 
controls, such as wells with either only stimulator cells or only responder cells might be 
included as a parameter of the MLR assay. Thus, sufficient controls for MLR are both 
known in the art and disclosed by Applicants such that meaningful results can be 
achieved using this assay. 

In addition, the specification makes clear that any decrease below control is a positive 
result, with decreases of less than or equal to 80% being preferred. Further, Dr. Fong 
attests that it is "his considered scientific opinion that a PRO polypeptide shown to 
inhibit T-cell proliferation in the MLR assay where the activity is observed as 80% or 
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less of the control, one of skill in the art would expect to find a practical utility when an 
inhibition of the immune response is desired such as in autoimmune diseases." 
According to the Manual of Patent Examining Procedure (the "MPEP"), Office personnel 
are reminded that they must treat as true a statement of fact made by an applicant in 
relation to an asserted utility, unless countervailing evidence can be provided that 
shows that one of ordinary skill in the art would have a legitimate basis to doubt the 
credibility of such a statement . 

Dr. Fong attests that it is "his considered scientific opinion that a PRO polypeptide shown 
to inhibit T-cell proliferation in the MLR assay where the activity is observed as 80% or 
less of the control, one of skill in the art would expect to find a practical utility when an 
inhibition of the immune response is desired such as in autoimmune diseases." The case 
law has clearly established that in considering affidavit evidence, the Examiner must 
consider all of the evidence of record anew. In re Rinehart, 531 F.2d 1084, 189 USPQ 
(BNA) 143 (C.C.P.A. 1976) and In re Piasecki, 745 F.2d. 1015, 226 USPQ (BNA) 881 
(Fed. Cir. 1985). "After evidence or argument is submitted by the applicant in response, 
patentability is determined on the totality of the record, by a preponderance of the 
evidence with due consideration to persuasiveness of argument." In re Alton, 37 USPQ2d 
1578 (Fed. Cir 1966) at 1584 quoting In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 
1443, 1444 (Fed. Cir. 1992)). 

Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason 
why opinion evidence relating to a fact issue should not be considered by an examiner." 
In re Alton, supra. Applicants also respectfully draw the Examiner's attention to the Utility 
Examination Guidelines, Part MB, 66 Fed. Reg. 1098 (2001), which state, "Office 
personnel must accept an opinion from a qualified expert that is based upon relevant facts 
whose accuracy is not being questioned; it is improper to disregard the opinion solely 
because of a disagreement over the significance or meaning of the facts offered." The 
statement in question from an expert in the field (the Fong Declaration) states that "it is my 
considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation 
in the MLR assay where the activity is observed as 80% or less of the control, as specified 
in the present application, would be expected to find practical utility when an inhibition of 



13 



Appl. No. 10/735,014 

Amendment Dated 27 December 2005 

Response to the Office Action Mailed November 1, 2005 

the immune response is desired, such as in autoimmune diseases." Therefore, barring 
evidence to the contrary regarding the above statement in the Fong Declaration, this 
rejection is improper under both the case law and the Utility guidelines. 

Thus, the totality of the evidence demonstrates that one of ordinary skill in the art would 
believe that a test compound shown to inhibit T-cell proliferation in the MLR assay 
where the activity is observed as 80% or less of the control, would have a practical 
utility when an inhibition of the immune response is desired such as in autoimmune 
diseases. The PR0361 polypeptides tested positive in the MLR assay and therefore 
are useful where immunosuppression is desired. Further, antibodies to the PR0361 
polypeptides are useful when prevention of immunosuppression is desired. One of 
ordinary skill in the art will appreciate that antibodies to PR0361 polypeptides will bind 
such polypeptides and thereby block or decrease the immunosuppressive activity of 
PR0361 polypeptides. Applicants respectfully submit that the specification provides 
sufficient disclosure to establish a specific, substantial, and credible utility for antibodies 
to the PR0361 polypeptide. Thus, Applicants respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 

35 U.S.C. § 112, first paragraph 
Enablement 

The Examiner contends that because the claimed invention is not supported by either a 
specific and substantial asserted utility or a well established utility, one skilled in the art 
would not know how to use the claimed invention. 

Applicants respectfully disagree. As discussed above, the claimed antibody has the 
specific, substantial, and credible utility binding to a polypeptide that inhibits the 
proliferation of stimulated T-lymphocytes as demonstrated in the MLR assay experiment 
discussed in Example 34 at page 141 of the application. Applicants respectfully request 
the Examiner reconsider and withdraw the rejection of claims 22-26 under 35 U.S.C. § 
112 1J1 for alleged inadequate disclosure on how to use the claimed invention. 
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SUMMARY 

Applicants believe that currently pending Claims 22-26 are patentable and respectfully 
request allowance thereof. The Examiner is invited to contact the undersigned attorney 
for Applicants via telephone if such communication would expedite prosecution of this 
case. 



Respectfully submitted, 



wi <^ w - 

C. Noel Kaman 
Registration No. 51,857 
Attorney for Applicant 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 
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The response of murine T cells to Ml IC class II determinants on allogeneic cells induces helper 
Tccll activation anil the development of cytotoxic T cells. We have recently established that an 
A'-adcnosyl-L-homocyslcinc hydrolase inhibitor, (ZW-fluoro^'^'-didchydro-S'-deoxyadenosinc 
(MDL 28.842), is a potent immunosuppressive agent which selectively inhibits T cell activation. 
In this report we characterize the effect of MDL 28,842 on in vitro and in vivo models of transplant 
rejection. In vitro. MDL 28,842 inhibited the generation of cytotoxic T cells in the murine mixed 
lymphocyte reaction with an IC* of less than O.t ilM. MDL 28,842 (1.0 fiM) totally inhibited 
the generation of cytotoxic T cells when added up to 3 days after the initiation of culture with 
no apparent cell toxicity. /// vivo, MDL 28.842 given by gavage at 5.0, 2.5, or 1.0 mg/kg/day 
inhibited the increase in popliteal lymph node weight induced by injection of allogeneic spleen 
cells into the footpad. MDL 28,842 was also evaluated in a model of grafl rejection. Skin allografts 
on animals given MDL 28,842 at 5 mg/kg/day (ip) for the first 6 days following transplantation 
survived for 12.2 days, compared to 8.7 days for control animals. Cyclosporin A (CSA) given at 
5.0 mg/kg/day did not prolong graft survival. The combination of MDL 28.842 and CSA was 
nol any more effective than MDL 28,842 alone. Based on these findings, we suggest that MDL 
28,842 is useful in the prevention of allograft rejection, e iwj Academic Press, inc. 

INTRODUCTION 

The immune response of T cells lo foreign MHC determinants is the basis for 
transplant rejection (1). Agents which inhibit T cell activation, such as cyclosporin A 
(CSA) and FK-506, are effective in preventing allogeneic graft (allograft) rejection (2, 
3). We have recently demonstrated that a potent irreversible mechanism-based inhibitor 
of S-adenosyl-L-homocysteine hydrolase (AdoHcyase), (ZJ-S'-fluoro-^S'-didehydro- 
5'-deoxyadenosine (MDL 28,842) (4, 5), selectively inhibits T cell activation and the 
production of imericukin-2 (6). Although the precise mechanism by which this com- 
pound allocls T cells is unknown, MDL 28,842 increases the intracellular concentration 
of iS-adcnosyl-L-homocystcinc (AdoHcy), produced during the metabolism of S-ad- 
cnosylhomocystcinc (AdoMet) (7). AdoHcy is a feedback inhibitor of the AdoMet- 
dependenl transmethylation of a variety of biomolecules, among them nucleic acids 

1 To whom correspondence should be addressed. 
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and proteins (8-10), and therefore could affect lymphocyte activation. In humans, a 
congenital deficiency in another enzyme in the pathway of AdoMet metabolism, aden- 
osine deaminase (ADA), results in severe immunodeficiency, with the most consistent 
feature being T cell dysfunction (11-13). MDL 28,842 inhibits T cell activation without 
the toxicity associated with inhibition of ADA (14, 15). 

In vivo, we have recently demonstrated that MDL 28,842 is effective in two T cell- 
mediated experimental animal models of arthritis, collagen-induced arthritis in mice, 
and adjuvant arthritis in rats (16). In the present study, we demonstrate that MDL 
28,842 inhibits the development of cytotoxic T cells in the mixed lymphocyte reaction, 
an in vitro correlate of transplant rejection. In addition, we demonstrate that MDL 
28,842 inhibits the T cell response in the draining lymph nodes of animals immunized 
with allogeneic cells. In addition, MDL 28,842 is more effective than low-dose CSA 
in prolonging allogeneic skin graft survival in mice. 

MATERIALS AND METHODS 

Animals. Inbred mice, C57BL/6 (H-2 b ), C3H/HeJ (H-2 k ), DBA/2 (H-2 d ), and BALB/ 
C (H-2 d ) were obtained from Jackson Labs (Bar Harbor, ME). 

Reagents. CSA was obtained from Sandoz (Hanover, NJ). MDL 28,842 was syn- 
thesized at the Marion Merrell Dow Research Institute (4, 5), 

Generation of cytotoxic T cells. Spleens were obtained from C57BL/6 and DBA/2 
mice and single-cell suspensions made in Hanks* balanced salt solution (HBSS, calcium 
and magnesium free). Erythrocytes were lysed by treatment with Tris-buffered am- 
monium chloride (0. 1 55 M NH 4 C1, 0.0165 M Tris, pH 7.2) at 37°C. The stimulator 
population (DBA/2) was irradiated (3000R) and both responders (3 X 10 7 ) and stim- 
ulators (3 X I0 7 ) were cocultured in T25 flasks at 37°C, 5% C0 2 in RPMI 1640 
containing 10% FCS and 5 X 10~ 5 2-ME (CM). MDL 28,842 was added at the beginning 
of culture or at times indicated. After 5 days, viable cells were recovered and assayed 
for cytotoxic effector cells in the 5, Cr release assay. 

51 Cr release assay. P815 tumor cells (H-2 d ) were used as targets. The cells were 
labeled with 5, Cr (10 /iCi/10 6 cslls) at 37°C, 5% C0 2 for 1 hr in CM. Washed target 
cells (10 4 ) were added to effector cells (in triplicate) in a 96-well round-bottom plate 
in a final volume of 100 /d. Effectontarget cell ratios began at 25:1. The plate was 
centrifuged at 50g for 5 min and incubated at 37°C, 5% C0 2 for 4 hr. Target cells 
were incubated with CM alone for spontaneous 5, Cr release and with 1% SDS for 
maximal release. Following incubation, the plate was centrifuged once more, the su- 
pernatant fractions were collected, and released 51 Cr radioactivity was determined in 
a Beckman gamma counter. The percentage specific lysis is expressed as: 

100 X Experimental c P m released ~ spontaneous cpm released 
maximal cpm released - spontaneous cpm released 

Fluorescence microfluorometry. CD8-posilive cells were stained with a fluorescein- 
ated anti-Lyt-2 antibody (Becton-Dickinson, Mountain View, CA) and analyzed on 
a Coulter Epics C (Hialeah, FL) flow cytometer. 

Popliteal lymph node assay. Spleen cells from BALB/C (H-2 d ) and C57BL/6 mice 
obtained as described above were irradiated (2000R) and I0 7 cells from each strain 



404 



WOLOS ET AL 



(in 50 jil PBS) were injected subcutaneously into each hind footpad. Seven days later 
animals were sacrificed and popliteal lymph nodes (LN) were removed and weighed. 
The net LN weight represents the weight of the LN draining the footpad injected with 
allogeneic cells minus the weight of the LN draining the syngeneic cell-injected footpad. 
MDL 28,842 at the indicated doses was given orally beginning I day prior to the 
spleen cell injections and continuing daily throughout the study. 

Allogeneic skin transplantation. Skin from C57BL/6 or C3H/HeJ mice was trans- 
planted onto BALB/C mice using a free skin grafting technique (17). Recipient animals 
were given compounds, intraperitoneally, 1 day before transplant, the day of transplant, 
and daily for either 6 days or until rejection of the graft. Mice were monitored daily 
for rejection. Rejection was determined by observation in situ and grafts were consid- 
ered rejected when at least 50% of the graft's epithelium was visually destroyed. In 
addition, a representative graft from each group was prepared for histology and ex- 
amined microscopically for rejection. 

RESULTS 

Effect of MDL 28,842 on the generation of cytotoxic cells in the mixed lymphocyte 
reaction. MDL 28,842 was added to mixed lymphocyte reaction cultures at the in- 
dicated concentrations at the initiation of culture. Five days later, viable cells were 
harvested and cytotoxic T cell generation was measured by the lysis of 5, Cr-!abeled 
target cells. The results are presented in Fig. 1. MDL 28,842 was a potent inhibitor 
of cytotoxic T cell generation. The IC$o for this activity was less than 0.1 iiM. The 
decreased cytotoxic T cell activity observed in cultures incubated with MDL 28,842 
correlated with a decrease in the percentage of cells in the cultures expressing CD8, 
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EFFECTORTARGET RATIO 
RG. 1. Inhibition of cytotoxic T cell generation in the MLR by MDL 28,842. Cultures of C57BL/6 spleen 
cells (H-2 b ) and irradiated DBA/2 spleen cells (H-2 d ) were incubated in the absence of compound (®), or 
in the presence of 0. 1 (D), 1 .0 (0), or 10 fiM (■) MDL 28,842. Cytotoxic T cell activity against 5, Cr-labeIed 
P815 tumor cells (H-2*) was measured 5 days later. 
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the cytotoxic T cell phenotype (data not shown). In subsequent experiments, MDL 
28,842 was added after the initiation of culture to determine how late the compound 
could be added and still be effective. As shown in Table 1, the addition of MDL 28,842 
(1.0 nM) up to 3 days after initiation of culture completely inhibited the generation 
of cytotoxic T cells. When the compound was added on Day 4 of the 5-day culture, 
cytotoxic T cell activity was observed, but it was substantially lower than the controls. 

Inhibition of allogeneic response in the popliteal lymph nodes. BALB/C mice were 
dosed with MDL 28,842 by gavage at 5.0, 2.5, or 1 .0 mg/kg. One day later they were 
injected in the footpad with 10 7 irradiated allogeneic (C57BL/6) spleen cells. The 
contralateral footpad received 10 7 irradiated syngeneic spleen cells. Mice were dosed 
with MDL 28,842 daily. Seven days after immunization, popliteal lymph nodes were 
isolated and weighed. In this assay, the weight correlates with the number of mono- 
nuclear cells and is related to the ongoing host versus graft T cell response (18, 19), 
The results are shown in Fig. 2. Treatment with all of the doses of MDL 28,842 
inhibited the in vivo enlargement of the popliteal lymph nodes in response to allogeneic 
cells. Although the mean net weights observed in each treatment group suggests a 
dose-response, the groups were not significantly different. At the concentrations tested, 
all were potent inhibitors of this T-dependent response. 

Effect of MDL 28,842 on skin allograft survival. Mice (8 per group) were given 
MDL 28,842 or CSA at 5.0 mg/kg (ip) beginning 1 day prior to skin transplantation 
and continuiog for 6 days. The results are shown in Fig. 3. Control animals rejected 
skin grafts by an average of 8.7 days after transplantation. At 5 mg/kg, cyclosporin A 
had little effect In contrast, MDL 28,842 prolonged skin allograft survival, with re- 
jection delayed until 12.2 days after transplantation. Interestingly, mice given both 
MDL 28,842 and CSA rejected skin transplants earlier, on average, than mice given 
MDL 28,842 alone. 



TABLE 1 

Inhibition of the Development of Cytotoxic Effector Cells by MDL 28,842: Effect of Adding the 
Compound after Initiation of Culture 

% Specific lysis' 



Effectortarget ratio 



Experimental 
group" 


Compound 
addition* 


50:1 


25:1 


12.5:1 


6.25:1 


C57BL/6 




0 


0 


0 


0 


C57BL/6 X DBA/2 




52.9 


65.3 


52.9 


25.2 


C57BL/6 X DBA/2 


DayO 


0 


0 


0 


0 


C57BW6 X DBA/2 


Days I, 2, and 3 


0 


0 


0 


0 


C57BL/6 X DBA/2 


Day 4 


30.4 


25.7 


10.1 


1.3 



a C57BL/6 spleen cells were incubated with irradiated DBA/2 spleen cells for 5 days at which time viable 
cells were harvested. Recovered cells were incubated for 4 hr at 37°C with 3, CMabcled P8I5 tumor cells 
(H-2<). 

* MDL 28,842 (1.0 pM) was added at the indicated times after the initiation of culture. 
'C57BL/6 spleen cells were cultured with 3, Cr-labeled P815 tumor cells at the indicated efleclorttarget 
ratios. 
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FiG. 2. MDL 28,842 inhibits lymph node enlargement stimulated by the transfer of allogeneic spleen 
cells. BALB/C mice (H-2*) were injected with irradiated C57BL/6 spleen cells. Compound treatment was 
begun I day prior to injection (N 55 6/group). 



DISCUSSION 

Inhibition of T cell activation, by agents such as cyclosporin A and, more recently, 
FK-506, has greatly increased the survival of tissue transplants (2, 3), although these 
compounds are not without side effects (20-22). MDL 28,842 is a compound which 
has been demonstrated to selectively inhibit mitogen-stimulated T cell activation in 
vitro and T-dependent antibody synthesis in vivo (6). In addition, MDL 28,842 is 
effective, both prophylactically and therapeutically, in the treatment of collagen-induced 
arthritis, a T cell-dependent experimental model of autoimmune disease (16). The 
precise mechanism by which MDL 28,842 mediates its effects is unclear. The com- 
pound was designed as a potent irreversible inhibitor of AdoHcyase, an enzyme in 
the pathway of S-adenosylmethionine metabolism (4, 5). Inhibition of AdoHcyase 
results in an accumulation of AdoHcy and the feedback inhibition of methyltransfer- 
ases. These are involved in the methylation of a number of intracellular constituents, 
among them messenger RNA, important for cell activation (7-10). Lymphocytes seem 
to have a greater requirement than other cell types for methylation (23). There are 
other possible mechanisms by which inhibition of AdoHcyase could inhibit T cell 
activation. Depletion of homocysteine, the product of AdoHcyase-mediated reactions, 
would indirectly inhibit nucleotide synthesis by preventing the conversion of 5-meth- 
yltetrahydrofolate to tetrahydrofolate (24), which is required for folate-dependent pu- 
rine and thymidylate synthesis (25). AdoHcy, which builds up in cells incubated with 
MDL 28,842, is also an inhibitor of PI synthase and therefore could inhibit second 
messenger signaling early in T cell activation (26). This possibility is not likely, since, 
in this report, we have shown that MDL 28,842 is effective in inhibiting the devel- 
opment of cytotoxic T cells in vitro when added as late as 3 days after the initiation 
of a 5-day mixed lymphocyte culture. 
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Fio. 3. MDL 28,842 prolongs allogeneic skin graft survival in mice. Comparison wiih CSA. The rejection 
of skin from C576L/6 mice transplanted onto BALB/C mice was delayed in animals treated with MDL 
28,842 at S mg/kg/day ip for 6 days compared to controls. CSA at 5 mg/kg/day ip did not prolong graft 
survival compared to controls and' did not enhance the effect of MDL 28,842. (/V = 8/group). 



In vivo, MDL 28,842 also inhibited alloantigen-mediated T cell activation. The T 
cell dependent host versus graft response in the draining lymph nodes of mice injected 
in the footpads with irradiated allogeneic cells was reduced in animals treated with 
the compound. In addition, MDL 28,842 was more effective than CSA in prolonging 
allogeneic skin graft survival in mice. Preliminary studies suggest that MDL 28,842 
also inhibits heart allograft rejection in rats (unpublished observations). The data pre- 
sented previously (6, 16) and in this report demonstrate that MDL 28,842 is a potent 
immunosuppressive agent which inhibits T cell-mediated responses and may be useful 
in the prevention of transplant rejection. 
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TiPPftYAT IN A NOVEL IMMUNOMODULATORY COMPOUND, 

sSS ■ASai ^n^i^Tf^ltaN GR^T^EJl^rtON 
HOST REACTION AND ALLOGENEIC SKIN GRAFT REJECTION 

W^BnHMft' Barbara L. Pom Enm Choukmouzis, 

n« K.W. Johnson PAormercuficol B««rch h*u*. Don UUk, Ontario WC US. ConoHn 



Tepoxalin, a dual 5-lipftxyKcnftfiO and cyclooxy^n- 
asu Inhihilor with nonsteroidal antiinflammatory ef- 
fects, has recently been shown to suppress NFkB 
traasactivation and inhibit T celt proliferation via a 
mechanism very different from cyclosporinc (CsA). In 
111 is report, wo demonstrate thai this novel immuno- 
snppwwlw effect of topoailin Is manifeHled in in vivo 
transplantation models. Tepovalin suppressed murine 
spleen ccU proliferation In a mixed lymphocyte = reac- 
tion (Mf.R) withanlC M of 1.3 ,iM.Conduunistrohonof 
tepoxalin audC»A In MLR cultures showed an adds* 
Uvft inhibitory effect. Oral admmislratioa of le.poJEalin 

at 1 2 mg/kg/day to mice suppressed local graft-versus- 
. host (GVTD responses by about 40% (n=10). Combine- 
tion of tepoxaUn and CsA at suhnptimol doses syner- 
tflied their Immunosuppressive effects on uvn 
response <n=20). In skin transplantation, the median 
survival time of allogeneic HAIJB/cDyJ (H-2*) mouse 
jWn grafted onto CoH/IleJ (H-2 k > imco was 10.5 days 
hi*S) t and was prolonged to 15.0 days (n=9) for recip- 
ient mice administered tepoxalin nt 60 mgrtcg/day. Co- 
administration of suboptimal doses of tepovalin (12.0 
nufcrito) and CsA (50 mg/lig/day) prolonged skin 
waft r*j*cliona dramatically (55% of the grafts sur- 
vived far wore than 40 days, n=9). Taken together, 
ftwc results demonstrate that tepoxalin is a potent 
immunomodulatory compound that, when combined 
with CsA, provides synergistic immunosuppressive ac- 
tivity. Thft fact that tapoxalia and CsA act on diflerent 
transcription factors, NFkD and NFAT respectively, 
might explain the synergi«tic suppressive effects 
when both compounds were used. Tepoxalin could be 
an important addition to the cohort of immunosup- 
pressive therapies currently used in solid organ and 
bone morrow transplantations. 

11io immune response in transplantation, which results in 
waft rejection and graft-versus-host (GVR'l* response, is pri- 
marily triggered by T 'cells through recognition uf olloanti. 
rc;;u (1-4). Suppression of immune response could be 
achieved using agents interfering with T cell activation and 
alTer tor functions. The use of cycloserine (CsA) as an immu- 
nosuppressant in transplantation has b«on documented (.% 
0 CsA inhibits T cell activation by inhibiting the nuclear 
translocation of the nuclear factor MAT (7, 8). However, 
CsA bus associated toxicities and side oftoets when used at 

1 Addre:3 e«vee.po*<l«ntfe to i>r. Woi-Ping ttuptmaft ' Ac &-W. 
Johnson rii»fm.iecutital Beaaatrh Institute. 3W5 Ckwral Ato.mca 
Cmi rt. Suilc 100, San Di^o, California 92121. 

♦All,r-vinlinns: CsA, cyclnnporinc; CO. cydnoxygcnASc; CWH. 
.nMW^I.osfc 1.0. 5-1iooxy«no3c; MLH.mWcd lymp.iocylc re- 



thernpculie doses (S). Compounds that suppress T ccll-roe- 
dintcd immune response with mechanisms diflerent from 
that of CsA will undoubtedly be valuable additions to the 
cohort of the current regiment* 

Tepoxalin (5 .[4-chlorophonyl>N-hydroxy-U-mcthoxyphe- 
r.yl)-N-melhyl-l-H-pyrazole-3-propanamide) was discovered 
originally as a dual inhibitor of 5-Upoxygenase (LO) and 
cyclooxygenasoCCO) and exhibit potent nonsteroidal antiin- 
flammatory activities iri animal models of adjuvant arthritis 
(10-22). Recently .we found tliafe tepox.^ «lso inhihiU.. 
OKT3-induced T cell proliferation via a mechanism very dif- 
ferent from that of CsA (13). CsA is known U> block JL-2 
production after activation of T cells through TCR/CD3, 
whereas tepoxalin inhibits 11.2 induced signal transduction 
(1$) An in-depth investigation of the mechanism of action 
reveals that tepoxalin inhibits predominantly NF«B activa- 
tion (14), whereas CsA is most effective in blocking NrAI 
transactivation (7. 8). Because of these different mechanism 
of actions, a possible additive/synergistic effect of the com- 
bined tepoxalin sad CsA treatment is expected. In this re- 
port, we demonstrate that tepoxalin is indeed effective m 
suppressing mixed lymphocyte reactions (MLK), GVrl re- 
sponses, and allogondc skin graft rejections in mice. The 
synergistic effect of tepoxalin and CsA in immunosuppres- 
sion was also studied. The possible mechanism oftepoxslm in 
immunosuppression and its potential clinical application arc 
discussed. 

. , MATERIALS AND METHODS 

Uke. Inhr«4-C57BLfcJ, C3fWIeJ. and BAMVcOyJ mice and 
m^TJlmite were obtained froia the Juckwn Laboratory (Par 
Ftarbor, MB). Ho™ usod in experiment* were male mice, at about 
6 -10 weeks of age Wat weighed IB- 25 gs. 

fWaf/o.i o/ferf impounds. Tepoxalin. naproxen, and wkulwi 
were aynthesued by the B.W. Johnson HiarmaeMtad teteardi 
Institute (Rsri'lin. NJ). CsA (Sandimmune i.v.) was from San.kx 
(Quebec, Canada). For Mf.R experiments, stock solution of Wpoxa- 
lin naproxen, and sfleutan were prepared in DM50 at 30 mM and 
diluted lo Mrfcing concentruUona in culture medium at the time of 
cxpcrimcnti. TjMSO at concentrations equivalent to ihosa of tho tow 
compounds' ^ were -vM sRoanlruls in MLR w«y«. For experiment of 
GVH responses and skin graft rejeetiona miaron.zed 
naproxen were suspended in 0.6% mcftylcelMoao (&, S ma, at Uk , 
MO) at concchtfitinns or 5 metal or lower, ' ho vch.de cant ol 
(he equivalunl volume of 04% mclliylccllulose. Zileu on »as d».v 
solved in SOifolyalhyleaa glycol 200 (SiRmu. Su Lou* MOJ. o id 
ihe comspiindipg vehicle control *us the equivalent v«lu,nt ofpo.y 
*thyl«ne gi^i 200. CsA was .dilulcd in Boline. All compound w,rc 
dissolved inVchickjusl prior to administration to !».<« at volumes of 
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lAmthnaf trolifirution os.«*y.. Singled suspension* from 
/u i« Uhedoneo with WIS and then rcMU.j*nd,d,n 




* ■ ftl? ellf I« -eukwl «« »0 medium eontnimoc 

Fhirt wore harvest tone • Tumtoc "«™^ 9 J MAOTH 
iw ue Ire Orransc CD nnd samples *vre counted an nea w suae 
(lomtee Jr.c.,uniu\Bc vu , i/nnwU. Sweden). 



CSTBMtf (H-2 b ) mouse spleen cells with irradiated 

B6D21VJ mouse spleen cells. As ^ ^JJg 1 ^ 
» — nr u .i.« on m a dose-acpcnaer.i 

inhibitory effect was not 
re ] .led to :p11 toxicity, wpowwn ^concentrations of 25 ,/M 
fSl not aiTe* U» vjobiUty of ' anli-Cf* 
mouse spleen ceUs after 24 hf of treatment (Table 1). Since 
Upoxnlinis a dual CO/LO inhibitor (1A Ifce posyb Imkof 
i? suppression of ML.U proliferation to >U mhibitioir of CO 
and/or LO was studied. To add** this question, the wdl- 
known GO inhibitor naproxen an* the LO inh*,tor zjkuton 
Knuwn w wnuw than their 10-0 



rhtc-s were lurvwwa umuc « l ^ 1l4tt ; Ar - l Wallac known CO inhibitor naproxen *~ i "i. ♦k.;.TP 

UV,mueJr.,Ar»*Cc.CT)^^^ ^ f ^ fi tod in parallel at dosea 10-fold higher than thcrC 

) m IMapUta oemtillatiou counter (Hurnmcia, repression of CO or LO in mice, rcspccUvely. Nathor of 

S„ „cn cells ^^^SKS SJ? U U~ *Z hi effect on MLU probation (Fig. 1). f 

di«m «up 9 le.MAtod anih 6» atM nj no* u undcrstand u, e mechanism of action o ftopox.v 

Sf^cSXS^iS! *~ ef *^ Un JlSSSto. of topoxalio in inhibiting MLR prohfera .on 
b ' nKtaKKL^iMliic,^^^ Ss compared to that of the known immunosuppressant 

W^Jm^£<^*™^^ C r^shown in Table 2, the ^"ff V* £ 
TkS ITontbocUrlnofntctra.oliuat^ltby vnUcccUs wa, added 24-72 hr afce ^ 

intoade^laWohlueformmn- , initiation ofMLR. In contrast, CsAwas effective only tit was 

C^«,«-/,«« The CVlf a^y «« {"^J* "jj f J T^miing of the coculturca. To do orrmnc 

«J cfDorsch and taer UA J£ S^tepoafia *nd CsA were synergistic in Inhibiting 

" Stalin and CaA wero present at euhoptoal C0Pecntra ; 
Sheinb?biUonw«^^^ 
was ies» signify « concentrations of the two drvp that 
urr^i-ft Rtronrfy inhibitory on their own. 



TfKwatin wan adwioisterfid orally and CsA was u - 
o3y to mice daily rtarWd eno day bcfer« fed gad a^ehon ealcas 

li * XiSS injection of 2-5% n^in (0.016 n,V 6 body 

Jt the rnft site in un opposite orienuition seconi.nR to , the tor 
ff vth dtodta. The cmfted skin wua protend by a 
dbmolcr 0.5 em. l^h 3 em) tod in p l«c y wound c, « to S 

daTS. Shin crnlVi w«« examined and scored daily. A graft was seorca iw 

rrm-.nph.nto.inn until Kjectloa nr K raua. ttpowlln P«nor»l^ 

Irjiisphntalion until grafl rejcclmn, i „.:--«-• 

/M. pm^aiion ond sfatoi«. Dnta « «o4« u^n 
tsflod nunnutl'* lesti. A pomnolric versmn ww u*d if do a «erw 
LLly dWrihotfd «a khmoJ by 0u> WUk-Sbip.ro ta*L Data 
Sti nS«rtho assumptions of norn.nlily Wsled u«n P 
a nflnporunietrie verston of tbe Dunaotl's left- 
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rcportod |.hat ; tcpoxalin supples T cell; prAteth n nd 
inhibits the activity of the transcription f^W'f"^ 
T «U activnUon «nd proliferation nrc er.Ucal for thcinto 
■ lion of en on Ugen specific in,muM wponje. 1 h • 
Uoa hctor NPkB U also known to bo involved m rcgubUn 
£ expr^ion of many lirett cenea in ;an mm* 
flfl J7» Tbe possible immunosuppressive ofTcct of tcpoxdUn 

• It tLS studied. To determine whether tepoxjn ta 
. capable of iahibitinc lh« immune response aga,n»t ^aHoonti 
gen tf . tepo^lin at various eoncenttal.on, ^ ""J* 
Hifcration assays. The assay was set -op by sUmuUmg 




Naproxen + 
aieui-n 



ot.„- 

0,1 0.2 0.5 1 



10 20 . 



Concentration (jiM) 
Ficurs I Inba.iUon.rMLKpmliforatioaRbyU.poialin.Splcfncelbi 
Lm SobSu mice were eoeultarcd in triplicate walls' with iiwfr 

SI Varyinc conmntrulions of topoxelin. naproxen .tfleuU.,..or 
Xtn + Se, ton wco added to the cultures at ^ f^ { 
ire, 'Il-U.ynudine uptake M «' oosurcd .° n 1 ^ 6 Un ^S 
cultures contained DMSO diluted in ^ ^ 

. cvmpouods-Uplakx of 'H-thynndine .n veluclc con ttjs wja 

cootoges of (cpm of waled cutaroftpm of veb.cle controls). 



TRANSPIANTATIOM 



?Anr.s 1. Hto cficciivo dos<-s of U:po*Alin in immunosupprettiftn is 
. not toxic to cell «(■ 



ion 

50 

25 

12.5 
6.25 
3.12 
1.56 



CcUvifibitHy 1 

510* 
76.4% 
96.5% 

115.5% 
118.4* 
136.50t 



* Virility of a/iti-CM stinmJatod CSTBUfiJ fpfcen cells treated 
with LcpoxAliA fur 24 hr was tested in the MTT viability assay, 

* Oil viability is pKiumbd »* the percentage of viabla cells ia 
tcpoxalin treated sample compared with that tivatrd with an equiv- 
alent amount of iKi: vehirle, DMS'O. 

TAUlH 2. (nhiMtory cflbel of l*ipo.<oUn /md C«A on MLR prelifero- 
. tion« (%'control rttpoiuitf 1 • 



CoftreMf&tiM 



Ohr 



Tcpoxalin 



Cyclosporin!! 



1.8G 

2.5 

5.0 

0.021 

0.042 

O.OSd 



Time nf Tre atment 

%\ hr « hr 1i hr 

IZo 52.G 

17.3 12,7 

4.7 5.2 

40.6 05.0 

13.6 90.6 

5.t 'oil 



67.0 
19.2 
7.8 
97.1 
93.2 
S4.4 



30.6 
19.1 
9.0 
133.6 

uao 

110.2 



* DifllTOilconceritritiona of compounds udded in MLR cultures at 
diflWcftl liwc points were studied. MLR a,v<njs were act up as 
dttciibcd in Material* and Mc&od*. The MLR proliferations treated 
with compounds wero compared with thoir vehicle controls. S H- 
thyrnidim; upUko by proliferating cells iu Mf.U assays was inca- 
suicd. Percentages of control renpotwes ore talcukfcd as percent- 
ages of (epin nf troatod eulturca/cpm of veludc wnlrold 



&ay* fsuggcata its potential use as im immunosuppressant ia 
clinical therapy. This possible application was verified with 
in u/co murine models of transplantation. A local GVII re- 
sponse was performed by injecting apleon cells from the pa- 
rental (XIVUGJ (H-2 h ) inice inlo the footpads of B6D2F1/J 
(II-2 Vd J mice, GVH respond were demonstrated by the en- 
largement of the draining popliteal lymph nodes in recipient 
mice. The lymph nodes of recipient mice increased signifi- 
cantly by day 2 and continued to increase in she with time. 
Ttw degree of the local GVII response was measured by 
weighing the draining popliteal lymph nodes. The lyinph 
nodes of lepoxalin-trcatnd mice did enlarge on day 2 but did 
nat change significantly Ifller oh. After 7 days of the local 
GVH response, lymph nodes frura tcpo*alin-trcated mice 
•wefc.*slighily hyperplastic, but were BiKnifieantly IcfiS so than 
that of the untreated controls (Fifr 3A3. GVH response* in 
ir.ice administered tcpoxnlin orally at 12-GO mg/kgAlay were 
reduced by about 40% of that in tho positive control group. 
Consistent with the findings in mico, tcpoxalin was also 
eflSsciivu in rata, with a 30% suppression of this local GVH 
response ut 12 mg/kg/day (data not shown). The immunosup- 
pressive agent CsA administered suhmtancously to mice at 
CO and 75 mg/kgAky was shown to fiuppn** GVH response 
by 12% ond 71%, respectively (Fig/SH). The results suggest 
that the immunosuppressive ('fleet of Upoxalin at 12 mg/kg/ 
day is comparable to that of CsA at 60 mfc/kg/clay. To assess 
whether the inhibitory effect of tepoxnliu on C VII responses 
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(0.W 

Tcpoxalin 
(UO^M) 



20 SO 100 200 

C* A Concentration (nM) 



500 1,000 



FlGVttft 2. Additive inhibitory effetLsr of tepoxnlin end CsA in Mf.R 
proliferations, Proliferation of C57RI/6J mouse spleen cells afUr S 
days stimulation with irrodiaUul B6D2P! eplcon cells in mdmm 
containinc te.poxalia alO,fi pM, 1 /tM, and 2 jiM pUw varying con- 
ccntratiftiw of CsA was assayed as deacribed in Materiab and Mcth* 
oitf. The proliferative response b euiturea containing no drugs was 
80,000 cpm. 

co\jld be obtained wth other CO or LO inhibitors, naproxen 
and ^ileutoh wcroligain tclsted in GVH assays. No inhibition 
was seen wilfi ritcuton; improxen, or a comhfnation-of the two 
compounds (Fifr. 30). 

Since tepoxalin appears to kct late in MLR assays, the 
effect of tcpoxalin administered early and Inte in GVH re- 
sponses was also studied. Similar to the finding* in MLR 
proliferations, tcpoxalin given to mice for a minimum of 3 
dayn was sufficient to suppress GVH responses to an extent 
similar to those treated with tcpoxalin throughout the 7-day 
course of the GVH response (Fig. 4). This short treatment 
with tcpoxalin could be at the early (day -1 to day 1 or 4) or 
the lato (clay 4 to day 6) stage of the GVH response. The 
inhibitory effect of tcpoxalin hi the lato slaje of immune 
responses suftfests its mechanism of action to be different 
from that of CsA. The possible synergism in immunosuppres- 
sion by tepoxalin and CsA was therefore studied in GVH 
assays. A much stronger suppression of the GVII response 
was indeed found in mice treated with both tepoxalin and 
CsA rather than those treated with either ono of the two 
drugs (Fig. 5). This synergistic effect was particularly signif- 
icant when a. low dose of tepoxalin (6 mgrtccfthy) was com- 
bined with CeA. 

Prolongation of thin o\tograft survival by tcpoxalin The 
time courie of skin allograft rejection in mice is affected by 
the efficiency, of the following two mechanisms: (1) the acti- 
vation of T cells through recognition of specific nlloantigc^s t 
and (2) the cITcctor mechanisms mediating tissue distinction. 
To atudy the effect of tepoxalin on akin allograft survival, 
experimental allogrnfl rejection, was performed by grafting 
allogeneic hALIl/cByJ (H-2 a ) mouse tail-skin onto C3H/He.J 
(Ii-2*) recipient mice. For.the first 6 days after trznsplanta. 
tiun, allografts: appeared normal and their gross appearance 
was not different from that of syngeneic grafts. The rejection 
process became apparent by day 6, withsigi\s of swelling ond 
erylicma, andcniickly culminated into complete graft necro- 
sis. Different doses of tcpoxalin were tested in skin craft 
rejection assays. As shown in Figurta 6, rejection of allografts- 
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Picurr. 4 Effective suppression or mouse GVH.rcsponse by atat 
trfnlnumts with tepwalin. Tho GVli response was induced by injec- 
lion of CG7BI &T spl«*« «Bi into the footpads 0 r B6D2F,/J mieu ana 
wa«we«mfwrbywciGhinethe drainioglymphnodc* as d«cnbco.n 
M*riafa mJ Methods. Mice injected with ealinc instead of spleen 
cell: were ur-cd a* native conLrols. Tcpocalin (25 w^Wa* «J- 
' ministered orally to mice at different time schedules as shpwaGW - 

used as posit iw. controls. Five mice were nsed per croup. The colamn 
bars represent Ihe standard errors. 



Ffcgm 0. Sttpp«ssionorCVIlrosiionjMbytrpox«Iiii.AlocalCVIl 
rctiaon-.o was triggered aubeotonww injeclioa of parental 
(H7M/RI spleen callu into footpads t>r HG02P/J mice, and was 
KMimred by weighing the drown* lymph imd« as described in 
UotokU and Method*. Mieo « ,,iftC were "** " 

nWlivo controls. Drugs were giwn to mice from day -1 to day 6 or 
ihc GVH response. <A) C.V1I responses in into administered ditTor- 
cat dues 'of tepoxalio: or vehicle conM (0.5% mothyleellulosd 
orrjly. Ton miee were used per group. The value* from uacc treated 
Mill tepotftlin at 1 2, 25, and 50 mg/kgMVy ore significantly different 
from the vehicle eonird group (PunnoU's u«t). Similar wwtawrc 
obtained fr«m more than threi; repeated CTpftriracnis. (B) GVH re- 
qiwm in misgiven CsA(50 and 75 mij/W or vehicle control 
Wine) suhwtancoualy. Kve mice were P« m P »™ ' 
rcaponrod in mica given naproxen, ail.subm. oc the combination o( the 
twa drujia at GO rog/lcgfd*y orally. Mice as vehicle conUols for 
anawsen were treated with equivalent volumes of 0,1% methylctl- 
Inlaw; for rilcuton. they were treated with 50* polyethylene ttyeol 
•200; and for the combination of drug*, they were treated wiih bo* 
0.W& rocihylccllulose nnd 50% polyethylene $lyeol 200. hv« mice 
were used per enrnp. Tlic column bnw represent the standard errors. 
A..mri(diH indicate o P vahie of <0.05. 

ia the. pUiecho-lreaUd group started on dny 7. About 50% of 
' WolbgraOs in the pbwba Rroup were rejectt-d on day 10. 
TcpOBiI'm nt doaus of i2.fi and. 25 mefk&aj did not have a 
Rijniticsnt effect in pwlnnging jjraft irjcction. When t^poxn- 
lin at 60 mg/li»May wns admmuilered to mice, a significant 
p TO lonKarion' uf skin graft rejection was observed, lite me- 
dian Revival limoof skin gr*fia, ^ fincd «■ Ae Um0 p, ! int ^ 
which S0% of the grafts are rejected, wns 10.fi days m the 




H.g. 
Control 



TtpoxstA 



SO "Tnp.SmcA« 



CsA 

unAu) 



Fiwjiu! 5. Synwgistiesupprc^imormouscGVlIrwponscslytcp- 
oxalin and CsA. The. OVH response was induced by injection of 
C57BI/6J spleen colla into the fcotpadii of D6D2iyj truce and was 
measured by weighing the draining lymph nodes as dasenktl in 
Mattneft end Method,. Mice were titaKd with CsA (SO ingAf) or 
tepoxalin (6 or 12 ro B /k C ) alone, or the combination of tepni«l.ri(S or 
12 rapKg) and CaAfSO.mgAcg). Mico injected w,th spl«n «lls and 
treated with vehiclea ware uaed as positive control Mieo uye.-tcrf 
wilh mKm in«l*od of spleen cells weru used an negative contro s. 
Twenty mice were usod por group, lhc column ban represent uie 
standard errors. Asterisks indicate o P yuluc of IO.Oo. Similiir re- 
suits were oblainod from wpeated ciipcrimcntj. 

placebo-treated group and was 15.0 days for -the gruvp of 
mice treated with tcponbn at 60 mg/lc^day CP-0.0aJ. ftir- 
thermare. a combination of tepoualin and CsA nt low doses 
showed a dramatic prolongation of allogeneic skm grail, re- 
jection (Fig. 7). About 62% of the mice treated daily with 
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— VcluclO 

— Tcpoxalin ( 1 2.5 mo/kg) 

— Tcpoxafin <25 mg/kg) 
* Topoxalin (50 mg/ko) 



... 8 12 
Days after grading 
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FitiUfiR a Prolongation of fiWn/;rn.(l iTjKtionsly irpftxftlin. MT.B/. 
fByJ mouse toil skin was grafted onto the Uii! of CKl/HeJ mice and 
reaction of die graftal tkiu wui» wored as described in Ma tcrlat* and 
M*A*d*. Different doses of tcpoxalin worpadouolslored orally to 
WTVIW recipient mice the dny l*fnre and afar *kin transplanta- 
tion, and then dully until akin tfrofU were rcjecledL Mice given the 
vehicle (0.5% n\cthyla)iulosc) orally were used as controls. About 
ten micC:Wo«JW.ed pererpup. Data prowntcd wer^takep from onu 
nUlii: th/r« repcatud experiment, llcaulu, villained from all three, 
expoiinicnts were aimUar. 'l^rdlonjjittoii'oTakm ration in mice 
t woUid with l*po»ilta 60 ntK/kj; wa* mpUiciiit (f<0.05. Dunnclfs 
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nmum 7. Enhanced prolongation of nll<>|cr>noic skin graft rejection 
ty topoxalin aad-CsA. BALB/cDyJ wouuc tail was crafted onto 
tr,e. tail of C31WW mice as described in Materials and Mtthod*. 
Tupoxalin (12.6 ropAg) alone, CxA (50 royA*) alone, or topoxalin 
112.6 mrykr;) plus OsA (50 mfc/kg) wcro administered to C3II/IteJ 
-mice tin: day before and after akin Inuttplantiilion, and then daily 
until drift profts were rejected. Topoxalm wiw fpven orally and CkA 
v;»s gi«cji ^ubcuUucously. Far recipient mice with skin grafts sur- 
vivi'iirj fcT nwe than 40 days, drug ftdmiroslrhtton wta discontinued 
from dAy 40, &* shown by arrows. About ten mice wcro uswd per 
group. Enhanced prolongation of akin rejection w»a alw observed for 
U'u cunbiaatiun of tepoxulin (25 mg/kjr) and G; A (GO meyicgKdntn not 



tcpovfllin (12.6 mtf/kg/day) and CsA (50 mg/kg/day) retained 
the Allogeneic 5>kin grufta on day 40 a fler transplantation. To 
d*?tcrmina whether imnwnntolorancc to >lcin grafts is gener- 
etcd by the combined drag treatment, drug dosing was dis- 
cciiilmucd after day 40 of transphntatirm. Skin graft rejec- 
tion V03 noticeable 6n day 16 and nil ihc-swA* wore rejected 



on day 2i after drug cessation (Fig. 7). The results suggest 
that the combination of tcpoxalin ond CsA potentiates the 
immunosuppressive effect, but does. not induce irnmunotol- 
erance to. the grafts. 



DISCUSSION 

lu this report, we demonstrate that tepoxalin is effective in 
suppressing the immune responses in murine models of GVH 
reaction a nd allogeneic akin graft rejection. This immunosup- 
pressive activity is not seen with other inhibitors of CO or 
LO. 

To study the mechanism of immunosuppression by tepoxa- 
lin, we used the in vilro mixed lymphocyte reaction, which 
measures the proliferative response of parental attain 
C57DU6J apleen cells when stimulated by B6D2F l /J spleen 
cells. Tepoxalin inhibited the alloantigcn-d riven proliferative 
response in o dosc-rclatod manner with an IC W of 1.3 uM 
and a complete inhibition at 5 jiM. A similar inhibition was 
seen with CsA, which had on IC^, of approximately 22 nM 
and a complete inhibition at about 200 nM* However, there 
were differences in the kinetics of the inhibitions seen with. 
" the-, twoicompoundsr .Tfepoxalin .cjccrtid,t^ of.-, 
inhibition if added any time up to 72 hr nfo-r the get-u? of 
MLR cultures, CsA was only inhibitory if added at the initi- 
ation of the MLR cultures. IL-2 production by T cells occurs 
early following activation, reaching pesk levels by 24 hr of 
culture (18, 191 CsA has been known for its inhibitory effect 
on HA production (7, 20, 27) and is therefore expected to 
affect T cells during the first 24 hr of activation. The fact that 
tcpoxalin inhibits proliferation late in MUR arrays su jgoets 
its inhibition of latpr events in T cell activation. One possi- 
bility ia that the lL-2-raediated signal transduction pathway 
is affected by tepoxalin, ^hich has boon, shown nn human 
lymphocytes in our previous report (13). 
. GVH disease is a common prohlem in bone marruw trans- 
plantation that leads to frequent morbidity and mortality 
(22). Skin gnifla trigger strong immune responses and have 
been one of the most difficult grafts in traosplaatatioo (3). 
The immunosuppressive activity of tepoxalin was demnn- 
ytroUd in murine models of GVH responses and allogenic 
skin graft rejections. Tepoxalin was found to inhibit GVII 
redponae» at 12 mp'kg/day and to prolong skin graft rojec- 
lions at 50 mR/kg/day, The possibility tJ^nt tepoxalin blocks a 
later event in immune response is again implicated by its 
suppression of GVH reaction oven when it wae administered 
to mice 4 .days' after the initiation of the response. 

Tcpoxalin.is icnown to bo a dual CO and LO inhibitor with 
potent antiinfloromatory effecU (10). One of the obvious 
que^tioas to ask is whether its immunosuppression is due to 
the inhibition of thn CO or ID cnzyinea. The involvement of 
CO and IX) in. the roodulation of immune responses remains 
controversial.: " Arachidonic acid metabolites produced by 
these cniymea. :.*uch as prostaglandins and leukotrienes, 
have many, biological activities, including the modulation of 
inflammation and immune response. (23-29). Indeed several 
inhibitors of /*0 have been shown to prolong graft rejection in 
tranfiplantai;^n.(30^3J). llowever, it was noticed that those 
LO inhibitors \nlh immunosuppression activity arc al5«). po- 
tent anUoxidinLs with inhibitory cfTects on NF*:B activity 
(M % 35).;.Tberifore the immunorciruhtory effects of these 
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compounds may not be diredly rclawd to junction rfJO. 
Wo MHMNd U.e effPCt of Upoialin with otber known LCWRO 
£nS in our .ludlca. Nap- oxen (CO inhibit) or **» 
if » inhibitor), or their combination, din not hove any effect 
Slfi p.Wmtions or OVII W. kg reported 

reewttv that Upaxalin is distinct from olh-r GO and LO 
£ AL in iU inhibition ofNPfD activity <«>• NMJ . 
plciotiopic irannactivetor of many target genes mvolvcd m 
CJor innammnlory rcn P om«« ««. J )• The immune- 
supprwrivc effect of lepovalin may be nttnlmUsd to ; iU -inhi- 
bition of NFkD and not related to tho general mhihiLoo of 
nrachiionic acid wetnboliam. 

Taken tmpslhw. U'osc data fihow that tnpoxalm .« an effec- 
tive uMnuinoaupymwdve agent. Since the mechanism of Up- 
oaalin appenn to bo different from OsA in •""^M"**; 
■L it sugKsstP n po^iblo combinational «* of the , twft 
expounds in immunosuppressive Dumpy. Moreover, tep- 
oxalin is devoid of ulcerogenic actions in **outadinrf 
sytUtas that arc the common aide citato of other NSAJD 
druKS (», J21. The- LU S „ of tcpoxalin In »w wJ "la was 
mart than 400 mo/kg, which is ovor 10-W4 higher than the 
cffectlvo doses used in in vivo immunosuppression. Topox&l.n 
could therefore In an important addition to Die CNrting im- 
muMBuppwSStvc therapeutic drugs to enhance the efficacy 
- ■rfi nfB toMsa«»4.te.rcdace dnig toxicity in traueplnntalion 
...andautdrainunily, ... • . ... 

MmcMamtni*. Wo thank Dr. John iVaib. Anna Bahnoili, and 
Linda Xtueubt their Balance in manuscript p^painta". nad 
Antay Bronco and John Dortolero for nwnlenance of (be animal 
facility. 
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COMBINED THERAPY WITH MERLE A, '"m™"" 
ia rNWTOTTCS AUTOIMMUNE DIABETES RECURKfclN un. w 

syngeKs^Sunted nonobese diabetic mice 

Analysis ok Cytokine mRNA Kxi'kksscon in the Giiaft 1 



Syngeneic pancreatic islot gmfLs in nonobese dia- 
betic (NOD) mice elicit a cell-mediatrd autoimmune 
r<wpo««e tl.at destroys tlio insulin-producing f cells :« 
Uia Mot graft. IL4 and Fir W arc cytok.oos that inhibit 
ccll-mediated Immunity. In thU study, we evaluated 
the effcete of IL4 and HVIO on the a umval of synge- 
neic pancrcatie islets transplanted into diabetic NOD 
miecThtot Grafts survived beyon^lfi ^ys and normo. 
glycemia was maintained in 67%. (10 of 15) of mice 
tested with IM plus IWO, but m none 0 of 20 of 
vehicle injcclod (control) mioo. Also, 40% (G of 16) oi 
tho mice treated with XLA plus JMO were normogly- 
cemic at 80 days after imputation, compared witn 
14% (1 of 7) of the mice treated with IM alone, 8* < 1 ™ 
13) of the mice treated with IL-10 ftlonc, nnd none (0 of 
20) of tho control mice. Histological examination of 
grafts nt 10 days after transplantation revcelod pen- 
islet accumulations of mownuclear leukocytes and 
Intact Met fi celU in grnfl* f«?m UA plus IL-10- 

«Tnw work was ported l>y a Diabetc* Int«iweiplinary Re- 
srurdi Vtt&i** grunt from tho Juvenilu DlAclrt Poundstion Inter- 
national, and by grnnts from the Medical Rettnrch Cmne.1 of Can- 
id, and the Maclachlan fund of the Univcmty of Alberta 
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treated mice, whereas islets were infiltrated by leuko- 
cytcs nnd the p cell mass was greatly reduced in gags 
from control mice. Polymerase chain react on U>Ut) 
analysis of cytokine mRNA m**™. in the grafts 
revealed higher level* of IL-2, IFNy, and IL-1C aJWA 
in crafts of diabetic compared with norraog ycemic 
ionteol mice, whereas IFNy and TNF* mRNA levob 
were significantly decreased in grafts of 1M pla a IL- 
JO-trcatedmice compared with eitbernomoglycemic 
or diabetic control mice. Those results suggest that I 
helper (Th)l cells and their cytokine products til.-/, 
IFNy, and TNFa) may promote islet p cell destructive 
Insulitis and autoimmune diabetes recurrence in syn- 
geneic islet-transpjantod NOD mice, and that admin- 
Srulion of WA plus IW0 may inhibit diabetes recur- 
rence by suppressing Thl cytokine production in the 
islet grafts;: . ' . - 

Insuliri-depfendcnt diabetes iuellitus (IDDM)* resultt from 
deHrucUdn of the insulin-producing penofeatie islet p cell? 
by the hosts own immune system. Whereas it is not known 
what may initiate tbis autoimmune response against islet p 
cell, there is abundant evidence that IDDM w T eell-dupen- 
dent (1, 2). However, it w unclear which T cclb areinyolvetl 
and how they may lead to islet p cell destruction. A vanety or 
immun^nflammotory cells infiltrate the pancreatic ifleta 
and eonslitnte tho insulitis lesion (3, 4). There is ewdenco in 
human patients with IDDM (5-8) and in animals w.th spon- 
teneousTDnW : resembling. the human diseasc-Uio nonobese 
disbaUc WObV'mouse and the biobrecdinc IBB) rat (9-22^ 
that islet fi ceU destruction may involve heterogeneous cfTec 

• Abuirc'viations: BB, Bioh«edl«B CPA. eompUts Freunda odju- 
vont; lDnM,. in«uiin-dependent diobctcs racJlitos; KOU. nonabtoe 
diftbelic; PGR, polymerase chain ruction; Th, T helper. 
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Immunomodulation by an Adenylate Cyclase Activator, NKH477, 
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Cyclic adenosine monophosphate (cAMP) is an in- 
tracellular second messenger which modulates T cell 
function. NKH477 is a direct adenylate cyclase activa- 
tor derived from forskolin and now under clinical in- 
vestigation as a positive inotropic agent. While the im- 
munosuppressive effects of forskolin on lymphocytes 
have been reported, little is known about its effects in 
vivo. In this study, we investigated whether NKH477 
has immunosuppressive effects in mice, namely on 
cardiac allograft survival, and on the generation of 
cytotoxic T lymphocytes (CTL), T cell proliferation in 
mixed lymphocyte reaction (MLR), and production of 
interleukin-2 (IL-2) in MLR and in mitogen response. 
We assessed the effects of standard immunosuppres- 
sant cyclosporin A (CsA) on IL-2 production and on 
allograft survival to estimate the intensity of rejection 
in this acute rejection model. Saline- treated C57BL/6 
(H-2 b ) mice rejected DBA/2 (H-2 d ) cardiac allografts 
with a median graft survival time of 10 days. In con- 
trast, median graft survival was prolonged to 12 and 
15 days in mice treated with NKH477 at 1 and 3 mg/kg/ 
day, respectively IP < 0.01 vs control). The equivalent 
dose of CsA (40 mg/kg/day) to the maintenance dose 
after clinical cardiac transplantation prolonged me- 
dian graft survival time to 15.5 days, indicating that 
high dose of NKH477 was as efficacious as lower dose 
of CsA. Addition of NKH477 to the culture medium 
suppressed the generation of CTL, T cell proliferation 
in MLR, and production of IL-2 in MLR and in mitogen 
response. These results suggest that NKH477 exerts a 
beneficial effect on murine cardiac allograft survival 

by modulating T cell function. 0 1996 Academic Press Inc. 



INTRODUCTION 

Cyclic adenosine monophosphate (cAMP) is an intra- 
cellular second messenger which has various modula- 
tory effects on the immune system. Forskolin, prosta- 
glandin E 2 , and other cAMP-elevating agents have 
been reported to have immunosuppressive effects such 
as decreased production of interleukin-2 (IL-2) (1, 2). 
An increase in [cAMP^ is also considered to have an 
inhibitory effect on the generation of cytotoxic T lym- 



phocytes (CTL) (3-6), which are considered playing a 
role in the course of acute allograft rejection (7-10). 
IL-2 is involved both in the proliferation of mature T 
cells and in the generation of CTL (11-17). 

Forskolin directly activates adenylate cyclase and 
has been routinely used in in vitro studies investigat- 
ing the effect of increased [cAMP]^ However, on the 
grounds of the low solubility of this compound in water 
and its poor biological availability on oral administra- 
tion, it has been unclear whether increased [cAMPJi by 
adenylate cyclase activators has an immunosuppres- 
sive effect in vivo. 

NKH477, (+)-(3i?,4ai?,5S, 6S,6aS, 10S, 10ai?, 106S)-5- 
acetoxy-6-(3-dimethylaminopropionyloxy)-dodeca 
hydro- 10,1 06-dihydroxy-3 ,4a, 7,7,1 Oa-pentamethy 1-3- 
vinyl-l/f-naphtho-[2,l-6]pyran-l-one monohydrochlo- 
ride, is a new water-soluble forskolin derivative now 
under clinical investigation as a positive inotropic 
agent. Like forskolin, NKH477 directly activates the 
catalytic unit of adenylate cyclase and increases 
[cAMPlj (18, 19). It has been shown to have beneficial 
effects on hemodynamic states, especially on diastolic 
function, in an experimental model of congestive heart 
failure (20). The drug also has the unique characteris- 
tic of suppressing both digitalis- and adrenaline- 
induced ventricular arrhythmia, in contrast to phos- 
phodiesterase inhibitors, and can be used safely with 
little arrhythmogenicity (21). These characteristics 
may be beneficial in the treatment of heart failure de- 
veloping as a manifestation . of acute allograft rejection. 

In this study, we investigated the effects of NKH477 
on cardiac allograft survival in a murine heterotopic 
cardiac transplantation model. We also used cyclospor- 
in A (CsA) as a standard immunosuppressant to esti- 
mate the intensity of rejection in this acute rejection 
model. One-way MLR was performed to evaluate anti- 
gen-specific CTL generation and IL-2 production in 
consideration of the results of measurement of plasma 
NKH477 and Ml (equally active metabolite of 
NKH477) concentration. The immunosuppressive ef- 
fects of NKH477 in vitro were compared to CsA for the 
inhibition of IL-2 production in MLR and in mitogen 
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* * response, since the effects of CsA are manifested 
mostly through suppression of IL-2 production. We also 
assessed the proliferative response of splenic T cells 
during one-way MLR and to exogenous IL-2 by 
[ 3 H]thymidine incorporation. 

METHODS 

Mice 

Male DBA/2 (H-2 d ), C57BL/6 (H-2 b ), and C3H/He 
(H-2 k ) mice aged 7-9 weeks were obtained from the 
Shizuoka Agricultural Cooperation Association (Shi- 
zuoka, Japan), housed in stainless-steel cages with 
controlled 12-hr light/dark cycle and given access to 
standard mouse chow and water. 

Reagents 

NKH477 (MW 546.1) was provided as a pure powder 
by Nippon Kayaku Co., Ltd. (Tokyo, Japan). It was 
dissolved in saline and adjusted to pH 4 with 0.01 N 
HC1. Solutions were stored at 4°C. Orally available 
CsA (Sandimmun drink solution; Sandoz Corporation, 
Basel, Switzerland) was commercially obtained and di- 
luted with olive oil. CsA for in vitro use was a gift from 
Sandoz Corp. Stock solutions of CsA were prepared at 
a concentration of 30 mg/kg in dimethyl sulfoxide and 
diluted to the required concentrations with culture me- 
dium. In in vivo experiments, NKH477 was given at 
0.3, 1, or 3 mg/kg/day and CsA was at 5, 10, or 40 
mg/kg/day, by single daily oral administration begin- 
ning on the day of transplantation. RPMI 1640, FCS, 
and HBSS (Hanks' balanced salt solution) were pur- 
chased from Gibco Laboratories (Grand Island, NY). 
Mitomycin C and concanavalin A (Con A) were ob- 
tained from Sigma Chemical Co. (St. Louis, MO). LPS 
from Esherichia coli 055:B5 was from Difco (Detroit, 
MI). Recombinant human IL-2 and [methyl- 3 E]- 
thymidine were from Amersham (Buckinghamshire, 
UK). Anti-Thy-1.2 monoclonal antibody and low toxic 
rabbit serum complement for cytotoxic elimination test 
were from Cedarlane Laboratories (Hornby, Ontario, 
Canada). 

Cardiac Transplantation 

DBA/2 mice served as transplant donors and 
C57BL/6 mice as recipients. Heterotopic cardiac trans- 
plantation was performed as previously described (22, 
23). In brief, donors and recipients were anesthetized 
with 4% chloral hydrate at 0.01 ml/g body weight ip 
prior to surgery. Donor hearts were perfused with hep- 
arinized saline chilled to 4°C via the inferior vena cava 
and harvested after ligation of the vena cavas and pul- 
monary veins. The donor ascending aorta and pulmo- 
nary artery were anastomosed to the recipient abdomi- 
nal aorta and inferior vena cava using a microsurgical 
technique. Success rate was approximately 85%. Graft 



failures arising within the first 3 days after transplanv 
tation were excluded from experiments as technical 
failures. Grafts were monitored by daily abdominal 
palpation and regular electrocardiogram. Rejection 
was defined as the day of cessation of heartbeat. 

Histopathological Examination 

Recipients were killed 5 days after transplantation 
by bleeding after being anesthetized with ether. Allo- 
grafts were harvested, sectioned transversely at the 
maximal circumference of the ventricle, and fixed in 
10% buffered formalin. The graft tissues were embed- 
ded in paraffin, sectioned, and stained with hematoxy- 
lin and eosin. Histopathological examination was con- 
ducted by two observers who were unaware of any 
background data. The severity of myocardial inflam- 
mation, perivascular inflammation, and necrosis was 
independently graded for severity by two blinded ob- 
servers on a scale of 1 (low grade), 2 (moderate grade), 
and 3 (high grade), and scores were averaged. 

Measurement of Plasma NKH477 and 
Ml Concentration 

Seven-week-old C57BL/6 mice were orally adminis- 
tered NKH477 at a single daily dose 3 mg/kg for 5 days. 
They were anesthetized by inhalation of ether at 30 
min or 1, 2, 4, 8, or 24 hr after last administration. 
Blood was collected by cannulation of the inferior vena 
cava, heparinized, and centrifuged. Collected plasma 
were frozen at -70°C until measurement of the concen- 
tration of NKH477 and Ml concentrations by gas chro- 
matography/mass spectrometry. Ml is a equally active 
metabolite of NKH477 where one of the AT-methyl 
groups of NKH477 is demethylated. 

Cytotoxic T Lymphocyte (CTL) Assay ( 51 Cr 
Release Assay) 

One-way MLR and CTL assays were performed as 
described previously (24, 25). Spleen cells from 
C57BL/6 mice (recipient strain) and DBA/2 mice (donor 
strain) were used as responder and stimulator cells, 
respectively. Responder cells at 5.6 x 10 s were cocul- 
tured with 4.0 x 10 6 stimulator cells treated with mi- 
tomycin C (MMC) (final concentration 25 jig/ml) at 
37°C for 20 min under 5% C0 2 . Cells were cultured in 
24-well plates in 2 ml of sensitization medium, namely 
complete RPMI 1640-10 (RPMI 1640 supplemented 
with 100 U/ml penicillin, 100 ng/m\ streptomycin sul- 
fate, 5 x 10~* M 2-mercaptoethanol, 10% heat- 
inactivated FCS) containing 1 mM sodium pyruvate. 
NKH477 (1.5 x 10~ 8 M, 4.5 x 10" 8 M) dissolved in sa- 
line or control vehicle only (saline) was added to the 
experimental cultures at the initiation of culture. After 
one-way MLR for 5 days, CTL activity was assessed by 
a 51 Cr release assay. DBA/2 splenic target cells (donor 



TABLE 1 

Median Graft Survival Time 





Graft survival time 


Median graft 




of all grafts 


survivial time 


Treatment tn\ 


(days) 


(days) 


Control (10) 


9, 10, 10, 10, 10, 10, 10, 


10 




11, 12, 12 




CsA 5 mg/kg/day (6)* 


10, 12, 13, 13, 14, 15 


13 


CsA 10 nig/kg/day (6)**-f 


12, 12, 13, 14, 14, 18 


13.5 


CbA 40 mg/kg/day (6)**«t 


12, 12, 15, 16, 18, >50 


15.5 


NKH477 


9, 10, 10, 10, 11, 12, 12, 


11.5 


0.3 mg/kg/day (10) 


12, 14, 14 




NKH477 


11, 11, 11, 12, 12, 12, 14, 


12 


1 mg/kg/day (10)**t 


14, 17, 18 




NKH477 


11, 12, 13, 14, 15, 15, 16, 


15 


3 mg/kg/day (10)**-t 


17, 18, 23 





Note. Grafts survival were determined by daily abdominal palpa- 
tion and regular elecrocardiogram and confirmed histologically. Re- 
jection was defined as the day of cessation of heartbeat. Cyclosporin 
A (CsA) and NKH477 were orally administered at a respective dose 
daily. 

* P < 0.05 vs control, **P < 0.01 vs control, \P < 0.05 vs NKH477 
0.3 mg/kg/day group. No other statistically significant differences 
were observed between groups. 

strain) or C3H/He targets (third party) were prestimu- 
lated with 10 /xg/ml of LPS for 2 days and labeled with 
51 Cr. 51 Cr-labeled target cells (1.0 x 10 4 /well) were in- 
cubated with the C57BL/6 effector cells in quadrupli- 
cate in round-bottomed 96-well tissue culture plates at 
an effector-to-target ratio of 100:1, 33:1, or 11:1. After 
incubation at 37°C for 3.5 hr in 5% C0 2 humidified air, 
100 pi of supernatant was harvested from each well 
and radioactivity was measured using an automatic 
gamma scintillation counter. Spontaneous release was 
less than 30% of total incorporated counts. Percentage 
specific cytotoxicity was calculated as 

% specific cytotoxicity = 

(cpm experiment - 
cpm spontaneous release) 



(cpm maximal - 
cpm spontaneous release) 



x 100 (%), 



where spontaneous and maximum cpm were obtained 
by culturing target cells in medium alone and in 0.5% 
Triton X, respectively. 

Production ofIL-2 in MLR and in Mitogen Response 

One-way MLR was performed in 24-well plates as 
described above. In the first experiment, NKH477 (4.5 
x 10~ 8 M) dissolved in saline or saline only (control) 
was added in a volume of 20 /xl to the experimental 
cultures at the initiation of culture. The supernatants 
were harvested serially at 12, 24, 48, 72, or 120 hr after 
initiation and stored at -70°C until enzyme-linked im- 
munosorbent assay (ELISA). In the second, NKH477 
dissolved in saline or stock solution of CsA in dimethyl 
sulfoxide was diluted with RPMI 1640 and added in a 
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CsASmg/kg (ds6) 
•£>•• CUlOmg/kg (n=6) 
HH- C*A40mg/kg (0*6) 




50 days 



Days after transplantation 



FIG. 1. Effects of cyclosporin A (CsA) on cardiac allograft sur- 
vival. Oral administration of CsA at 5, 10, or 40 mg/kg/day provided 
slight to mild prolongation of cardiac allograft survival in compari- 
son with control group, whereas no significant differences of effica- 
cies were observed among treated groups. *P < 0.05 vs control, **? < 
0.01 vs control. 



volume of 40 /xl to the cultures at the initiation of MLR. 
The final concentration of NKH477 was 1.5 x 10" 8 , 4.5 
x 10~ 8 , or 13.5 x 10" 8 M and CsA was 1 x 10" 10 , 1 x 
10~ 9 , 1 x 10~ 8 , or 1 x 10 -7 M. After 48 hr MLR, the 
supernatants of the cultures were harvested and 
stored at -70°C until ELISA. In the third experiment, 
spleen cells (5 x 10 6 cells/ml) from C57BL/6 mice were 
incubated with 4 jig/ml of Con A in a volume of 1 ml/ 
well for 24 hr in the presence of NKH477 or CsA at the 
concentrations same as the second experiment in 24- 
well plates. The supernatants of the cultures were har- 
vested and stored at -70°C until ELISA. As controls, 
same volumes of RPMI were added to the cultures as 
substitutes for NKH477 and CsA. Murine IL-2 in the 
supernatants was quantified using ELISA systems 
purchased from Endogen (Boston, MA). The sensitivity 
of the system was >0.03 units/ml. All measurements 
were performed in duplicate. 
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FIG. 2. Effects of NKH477 on cardiac allograft survival. Oral 
administration of NKH477 at 1 or 3 mg/kg/day provided slight or 
mild prolongation of cardiac allograft survival, whereas NKH477 at 
0.3 mg/kg/day failed to prolong graft survival. *P < 0.01 vs control, 
**P < 0.01 vs NKH477 0.3 mg/kg/day group. 




FIG. 3. Histopathology of mouse cardiac allografts. (A) Low-power photomicrograph from a vehicle-treated DBA/2 C57BL/6 allograft. 
The graft was examined on Posttransplant Day 5. Note prominent interstitial mononuclear cell infiltration. (B) A DBA/2 -> C57B/6 allograft 
treated with NKH477 at 3 rag/kg/day and examined on Posttransplant Day 5. Inflammatory changes in the graft were less severe. Bar: 500 
/im. (C) High-power photomicrograph of a vehicle-treated allograft [same sample as (A), LV posterior wall). (D) High-power photomicrograph 
of an NKH477-treated allograft [same sample as (B), LV posterior wall) (hematoxylin and eosin; bar: 50 /im). 




FIG. 3— Continued 



TABLE 2 

Histopathological Scores of Cardiac Allografts" 







M vnpji r H i 1 


Pprivasrular 




Treatment 


n 


inflammation 


inflammation 


Necrosis 


Control 


6 


1.92 ± 0.20 


1.75*0.11 


1.25 ±0.11 


NKH477* 


5 


1.20 ±0.12* 


1.30 ±0.12* 


1.30 ± 0.20 



■ Lesions graded as described under Methods by two blinded ob- 
servers. Data are expressed as means ± SEM, and compared by 
Mann-Whitney U test. 

6 NKH477 was administered orally at a single daily dose of 3 mg/ 
kg for 5 days. 

* P < 0.05 vs control. 



[ 3 H]Thymidine Incorporation Assay 

Spleen cells from C57BL/6 mice (recipient strain) 
were suspended at 1.0 x 10 8 /ml in culture medium. 
They were passed through nylon wool columns pur- 
chased from Wako Chemical Co. (Osaka, Japan) to en- 
rich splenic T cells by a modification of the method 
established by Julius et ai (26) following the manufac- 
turer's instructions. The obtained cells were subjected 
to cytotoxic elimination test using anti-Thy-1.2 mAb 
and low toxic rabbit serum complement, and shown to 
include 73 to 80% T cells. These enriched splenic T cells 
were treated in one of three ways. In the first treat- 
ment, cells were resuspended in sensitization medium 
and incubated at 2 x 10 5 cells/well with 4 x 10 5 cells/ 
well MMC-treated spleen cells from DBA/2 mice in 6 
wells for each treatment. NKH477 (4.5 x 1(T 8 M) di- 
luted in RPMI 1640 or control vehicle (RPMI 1640) was 
added in a volume of 10 \i\ at the initiation of culture. 
On Day 5, 1 of [ 3 H] thymidine was added to each 
well, and the cells were harvested 6 hr later. In the 
second treatment, cells were resuspended in complete 
RPMI 1640-10 and incubated at 2 x 10 5 cells/well in 4 
wells. Recombinant human IL-2 (rhIL-2) at 1 nM (45 
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FIG. 4. Pharmacokinetics of NKH477 and its active metabolite 
Ml in mice. Mice were orally administered NKH477 at 3 mg/kg for 5 
consecutive days. Thirty minutes, 1, 2, 4, 8, and 24 hours after last 
administration, three mice at each point were killed and plasma was 
collected. Plasma concentration of compounds were measured by gas 
chromatography/mass spectrometry. Values are expressed as means 
± SEM. *Not detectable. 



— 0— 


ccoirol 




— *- 


NKH4771J 


itO' 1 M 




NKH4774J 


■10** M 









DBA/2 Target 



2L 

10 




C3H/Hc Target 



10 



33 

E/T ratio 



100 



•10 




10 



33 



E/T ratio 



100 



FIG. 5. Inhibition of CTL generation in vitro by treatment with 
NKH477. Splenocytes from C57BL/6 mice were stimulated with 
DBA/2 cells for 5 days, and then tested against DBA/2 or C3H/He 
cells. The graphs represent cytolytic activities at the effector to tar- 
get ratios of 11, 33, and 100. NKH477 was added to the medium 
during the 5-day coculture at a concentration of 1.5 x 10" 8 or 4.5 x 
10~ 8 M. Control C57BL/6 splenocytes were sham-treated with the 
vehicle only. Non. sens, means nonsensitized control. Values are ex- 
pressed as means ± SEM of quadruplicate cultures. *P < 0.05, **P < 
0.01 vs control. 



units/ml) or control vehicle (RPMI 1640), and NKH477 
(4.5 x 10~ 8 M) diluted in RPMI 1640 or control vehicle 
(RPMI 1640) was added at the initiation of culture. 
After incubation for 42 hr, [ 3 H] thymidine (1 y£i) was 
added to each well and, after a 6-hr pulse, the cells 
were harvested. In the third, cells were resuspended in 
sensitization medium and one-way MLR was per- 
formed in 24-well culture plates as described above. On 
Day 4 of culture, primed cells were harvested and cen- 
trifuged. After three washes with culture medium, the 
viable cells were resuspended in cRPMI 1640-10 and 
incubated at 2 x 10 5 /well in 5 wells with or without 1 
nM of rhIL-2 for 18 hr. Then, after a 6-hr pulse with 
[ 3 H]thymidine (1 /mCi/well), the cells were harvested. 
For all harvested cells, [ 3 HJthymidine incorporation 
was assessed by scintillation counting. All cultures ex- 
cept those for priming MLR were performed in a vol- 
ume of 200 \i\ in round-bottomed 96- well plates. 

Statistical Analysis 

The significance of differences between two nonpara- 
metric groups in the allograft survival experiments 
and scores for histopathological findings were exam- 
ined by the Mann-Whitney U test. Percentage cytoly- 
sis in CTL assay, levels of IL-2 in culture supernatants, 
and [ 3 H] thymidine incorporation were compared by 
one-factor ANOVA followed by Fisher's protected least 
significant difference. 
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FIG. 6. (A) Serial IL-2 production during allogeneic MLR incubated in the presence of NKH477 or control vehicle. NKH477 was added 
to the medium at a concentration of 4.5 x 10~ 8 M from the initiation of MLR. Supernatants were collected serially and the concentrations of 
IL-2 were assayed by ELISA. Values are expressed as means ± SEM of 4 wells. (B) Bar graphs indicate concentrations of IL-2 in the 
supernatants after 48 hr MLR in the presence of several doses of NKH477 or CsA. NKH477 suppressed IL-2 production during MLR in a 
dose-dependent manner, although it was less potent than CsA at the concentrations equivalent to the plasma level in clinical use. Values are 
expressed as means ± SD of 4 wells. (C) Concentrations of IL-2 in the supernatants were quantified after 24 hr mitogen stimulation by 4 
ftg/ml of Con A in the presence of several doses of NKH477 or CsA. NKH477 and CsA suppressed IL-2 production with dose dependencies 
similar to the case of MLR. Values are expressed as means ± SD of 4 wells. *P < 0.01 vs control. **Values were lower than the minimal 
sensitivity (0.03 units/ml). 



RESULTS 

Effect ofNKH477 and Cyclosporin A on Cardiac 
Allograft Survival 

During the experiments, recipient mice appeared 
healthy and no differences in body weight were ob- 
served among the NKH477-treated, CsA-treated, and 
saline-treated control groups. In this acute rejection 
model, saline-treated C57BL/6 recipient mice rejected 



all DBA/2 cardiac allografts within 12 days with a me- 
dian survival time of 10 days. Oral administration of a 
low dose (5 or 10 mg/kg/day) of CsA prolongs graft sur- 
vival only slightly and 40 mg/kg/day of CsA exhibited 
only mild but significant effect on graft survival with a 
median survival time of 15.5 days (Table 1, Fig. 1). In 
NKH477-treated groups, graft survival was slightly 
prolonged in mice treated with NKH477 at 1 mg/kg/day 
to a median survival time of 12 days and mildly pro- 
longed in those treated at 3 mg/kg/day to a median 




FIG. 7. Effects of NKH477 on [ 3 H] thymidine incorporation by T cell-enriched spleen cells. (A) Splenic T cells from C57BL/6 mice 
(recipient strain) were cocultured with MMC-treated spleen cells from DBA/2 mice (donor strain, alio) or C57BL/6 (syn). On Day 5 of MLR 
cells were pulsed for 6 hr with [ 3 H] thymidine (1 nCi/well). (B) Unprimed splenic T cells from the recipient strain were stimulated to 
proliferate with exogenous IL-2 (1 nAf). Cells were also cultured without addition of IL-2 to exclude the effect of NKH477 itself on prolif- 
eration. (C) Splenic T cells were primed by one-way MLR (alio; allogeneic, syn; syngeneic) and after washing, cells were stimulated with 
exogenous IL-2. Values are expressed as means ± SEM. *P < 0.01. 



survival time of 15 days (? < 0.01 vs saline-treated 
control; Mann-Whitney U test). However, a low dose of 
NKH477 (0.3 mg/kg/day) failed to significantly prolong 
graft survival (median graft survival time 11 days; 
Table 1, Fig. 2). 

Histopathological Examination 

As CTL assay confirmed the existence of CTL after 
MLR for 5 days, histopathological examination was 
performed in DBA/2-C57BL/6 cardiac allografts har- 
vested 5 days after transplantation. The grafts of the 
NKH477-treated group (3 mg/kg/day) were compared 
with those of the saline-treated control group. As 
shown in Fig. 3, inflammatory changes in the grafts 
appeared less prominent in the NKH477-treated 
group. Moreover, the scores for myocardial and peri- 
vascular inflammation were significantly lower in the 
NKH477-treated group (P < 0.05). There were no sta- 
tistically significant differences between the scores for 
necrosis of the two groups (Table 2). 

Pharmacokinetics ofNKH477 and Its Active 
Metabolite Ml 

Plasma concentrations of NKH477 and Ml were 
22.68 ± 12.65 and 39.01 ± 10.46 ng/ml (mean ± SEM), 
respectively, 30 min after last administration of 3 mg/ 
kg of NKH477. They then declined with half-lives of 
0.43 and 1.81 hr, respectively. Twenty-four hours after 
last administration, no NKH477 and little Ml were 
detected in the plasma of mice (Fig. 4). 



Effect ofNKH477 on the Generation of 
Antigen-Specific CTL 

To examine in vitro one of the mechanisms of the 
above findings in allograft survival, we investigated 
the effect of NKH477 on CTL activity. Specific cytolysis 
by C57BL/6 splenocytes (recipient strain) of DBA/2 
splenocytes (donor strain) and of C3H/He splenocytes 
(third strain) was measured (Fig. 5). C57BL/6 cells 
treated with control vehicle and cells treated with 1.5 x 
10" 8 M NKH477 showed similar increases in CTL re- 
sponse to DBA/2 target cells after MLR for 5 days. In 
contrast, cells treated with 4.5 x 10 -8 M NKH477 dur- 
ing MLR showed decreased CTL activity. These 
C57BL/6 cells showed little cytolytic activity when the 
target cells were from a third strain. Further, nonsen- 
sitized C57BL/6 spleen cells also showed little cytolytic 
activity against DBA/2 target cells. 

Effect ofNKH477 and CsA on IL-2 Production 

In the first experiments, supernatants of allogeneic 
MLR were harvested serially at 12, 24, 48, 72, or 120 hr 
after initiation, and concentrations of IL-2 were quan- 
tified. As shown in Fig. 6A, addition of NKH477 at a 
concentration of 4.5 x 10" 8 M to the culture signifi- 
cantly suppressed IL-2 production at 48 hr after initia- 
tion (NKH477 treated vs control vehicle: 6.05 ± 0.13 vs 
11.35 ± 0.46; mean ± SEM units/ml; 46.6% suppres- 
sion) when the control culture exhibited peak produc- 
tion. Figure 6B demonstrates the effects of several con- 
centrations of NKH477 or- CsA on the IL-2 production 
after 48 hr MLR. CsA showed almost complete inhibi- 



tion afcthe equivalent concentration (1 x 10~ 7 M) to the 
therapeutic plasma level. Addition of NKH477 in the 
culture medium suppressed IL-2 production dose de- 
pendently, although the efficacy of NKH477 was rela- 
tively weak in comparison with CsA. NKH477 and CsA 
also exhibited similar inhibition patterns to the MLR, 
respectively, on IL-2 production during mitogen re- 
sponse to Con A (Fig. 6C). 

Effect ofNKH477 on T Cell Proliferation 

[ 3 H]Thymidine incorporation was significantly in- 
hibited by NKH477 at a concentration of 4.5 x 10" 8 M 
(80,056 ± 3656, mean cpm ± SEM) compared with the 
control vehicle (111,175 ± 8282) in allogeneic MLR 
with a percentage inhibition of 28.0% and in IL-2 
stimulation of unprimed splenic T cells (NKH477 vs 
control vehicle: 36,463 ± 1151 vs 55,565 ± 2694) with a 
percentage inhibition of 34.4% (Figs. 7A and 7B). How- 
ever, the drug at the same concentration could not sig- 
nificantly suppress the proliferative response to exog- 
enous IL-2 of cells primed and activated by allogeneic 
MLR (NKH477 vs control vehicle: 229,344 ± 6381 vs 
238,636 ± 7966) (Fig. 7C). 

DISCUSSION 

We investigated the effects of NKH477 on cardiac 
allograft survival and on histopathological findings in 
the early stage of acute cellular rejection. In this acute 
rejection model, all DBA/2 cardiac allografts in saline- 
treated C57BL/6 recipients without any immunosup- 
pression were rejected within 12 days. Lower doses of 
CsA (5 or 10 mg/kg/day) had only slight effect on graft 
survival and 40 mg/kg/day of CsA had mild effect in 
this model. Considering body surface area, the oral 
dose of 40 mg/kg/day in mice is comparable to 3 mg/kg/ 
day in human (27) and this dose is the maintenance 
dose of CsA in clinical cardiac transplantation. Treat- 
ment with NKH477 at 1 mg/kg/day beginning on the 
day of transplantation resulted in slight prolongation 
of allograft survival, and at 3 mg/kg/day in a mild pro- 
longation of survival with a similar median survival 
time to that of the maintenance dose of CsA (Table 1). 
Inflammatory changes were less prominent in animals 
treated with NKH477 at 3 mg/kg/day than in the ve- 
hicle-treated group. Although no significant difference 
between the two groups was seen in the score for ne- 
crosis, it seems to be the reason that necrosis becomes 
apparent later in the course of rejection. 

cAMP-elevating agents such as forskolin have been 
suggested to have immunosuppressive effects on lym- 
phocytes. For example, they have an inhibitory effect 
on IL-2-secreting Thl lymphocytes in vitro (1), and de- 
crease IL-2 production and IL-2Ra (IL-2 receptor 
a-chain) expression via the suppression of both protein 
product and mRNA levels (2). Blockade of the IL-2 
pathway suppresses immunological responses to al- 



loantigens and prevents acute allograft rejection (28- 
30). The increase in [cAMP]j induced by forskolin and 
other agents is related to the inhibition of T cell pro- 
liferation (1, 31, 32). It also leads to the inhibition of 
CTL activity (4, 5). While CTL, activated and induced 
to proliferate after stimulation by alloantigens, are 
considered to play an important role in the course of 
allograft rejection (7-10), CTL generated in the pres- 
ence of forskolin showed suppressed lytic activity but 
normal proliferative responses to alloantigens (5). 

Considering these reports and the results of in vivo 
experiments, we tried to clarify the effects of NKH477 
on alloreactive CTL generation and IL-2 production 
during MLR and mitogen response to Con A. We com- 
pared its inhibitory effect on IL-2 production to that of 
a standard immunosuppressant CsA, since CsA is con- 
sidered to exhibit immunosuppressive effects mostly 
via inhibition of IL-2 gene transcription.(33-35) We 
used a concentration of NKH477 equivalent to the 
plasma level in in vivo experiment (Fig. 4). NKH477 at 
4.5 x 10" 8 M (24.6 ng/ml) inhibited the generation of 
alloreactive CTL and suppressed IL-2 production dur- 
ing MLR and mitogen response; however, it was less 
effective than equivalent concentration of CsA to the 
therapeutic plasma level. Prolongation of cardiac allo- 
graft survival might have resulted from this suppres- 
sion of IL-2 production, reflecting elevated expression 
of cytokines such as IL-2 in organ allografts undergo- 
ing acute rejection (36). These results also suggest 
some possible mechanisms by which NKH477 may 
have inhibited the generation of CTL. NKH477 might 
first suppress IL-2 production, and the resulting de- 
crease in IL-2 concentration may inhibit the differen- 
tiation of CTL. NKH477 might inhibit T cell prolifera- 
tion through the decreased production of IL-2 or 
through the reduced responsiveness to IL-2 of T cells 
(including CTL precursor), thereby leading to inhibi- 
tion of CTL generation, although other humoral factors 
for CTL generation have not been investigated in this 
study. We therefore assessed whether NKH477 had in- 
hibitory effects on T cell proliferation during MLR and 
on the proliferative responses to IL-2 of primed and 
unprimed splenic T cells using [ 3 H]thymidine incorpo- 
ration. The results indicated that NKH477 had an in- 
hibitory effect on T cell proliferative response when 
present in the culture medium throughout MLR or 
when unprimed T cells were stimulated with IL-2 in 
the presence of this drug. However, it did not have an 
inhibitory effect on IL-2 responsiveness of alloantigen- 
primed T cells at its physiological dose. These results 
indicate that NKH477, a cAMP-elevating agent, can- 
not block the progression of alloantigen-primed T cell 
proliferation at its physiological dose, although the 
possibility remains that it may counteract the initia- 
tion of T cell proliferation. 

The combined concentration of NKH477 and its 
equally active metabolite Ml in the plasma were kept 



higher than 4.5 x 1<T 8 M t the concentration in the cul- 
ture medium in in vitro experiments, at 4 hr after the 
last administration. This suggests that immunosup- 
pressive effects of NKH477 in the in vivo experiments 
were exerted through modulation of T cell functions 
such as inhibition of CTL generation, while the drug 
could not have a suppressive effect on the proliferative 
response of primed T cells and the effects might not be 
specific to the suppression of allo-reactive immunity. 

Valitutti et al. reported that increases in [cAMPJi 
suppressed the adhesion and motility of CTL, possibly 
by regulation of elements of their cytoskeleton forma- 
tion such as the F-actin and tubulin network (6). Thus 
adenylate cyclase activators inhibit functions of gener- 
ated CTL. Improved histopathological findings in the 
early stages of NKH477-treated allografts are also sug- 
gestive of these effects. In addition, recent studies have 
shown that cyclic AMP analogs and cAMP-elevating 
agents enhance cardiac preservation in rat and baboon 
cardiac transplant models through their beneficial ef- 
fect on vascular homeostatic mechanisms during global 
ischemia (37, 38). NKH477 may improve oxygen sup- 
ply to ischemic regions of allografts undergoing rejec- 
tion by maintaining vascular functions(possibly endo- 
thelial function) (37), thereby prolonging graft sur- 
vival. Another beneficial effect of NKH477 on vascular 
function is its vasodilating effect in coronary arteries. 
In smooth muscle cells of coronary arteries, NKH477 
attenuates acetylcholine-induced Ca 2+ mobilization 
and reduces the sensitivity of contractile machinery to 
Ca 2+ , possibly by activating cAMP-dependent mecha- 
nisms (39). 

In conclusion, NKH477, a water-soluble forskolin de- 
rivative, has inhibitory effects on antigen-specific CTL 
activities, and other beneficial effects on cardiac allo- 
graft survival. Concerning inhibitory effects on IL-2 
production, NKH477 was less effective than CsA and 
the drug might have less efficacy on in vivo immuno- 
suppression than moderate to high doses of CsA. How- 
ever, considering that NKH477 also has a positive ino- 
tropic effect on failing hearts, this drug may be a prom- 
ising agent for the management of hemodynamic states 
of patients after cardiac transplantation and for 
therapy against the cardiac dysfunction which emerges 
as a manifestation of acute rejection. Further studies 
are required to assess the beneficial effects of this drug 
and roles of immunomodulation by inotropic agents. 
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Graft- versus-host disease (GVHD) is a major compli- 
cation associated with allogeneic bone marrow trans- 
plantation (BMT). Cyclosporin A (CsA) has been used 
as the basis for most immunosuppressive regimens for 
the prevention of GVHD, but has exhibited only lim- 
ited effects and is hampered by nephrotoxicity, neuro- 
toxicity, and hepatotoxicity. Previously, we showed 
that rD-mPGPtide, a structure-base designed peptide 
analog of the CDR3-like region of domain 1 of the mu- 
rine CD4 molecule, suppressed the development of 
GVHD in a MHC-haploidentical murine BMT model 
when administered early in the course of disease. This 
peptide analog also inhibited T cell proliferation in 
mixed lymphocyte reactions (MLR) in vitro. The cur- 
rent results demonstrate that CsA and rD-mPGPtide 
exhibit an additive inhibitory effect on MLR. Further- 
more, the use of CsA and rD-mPGPtide together for 
prevention of GVHD nearly doubled the median sur- 
vival time of the mice compared to either agent alone. 
In addition, the combination therapy reduced the re- 
quirement for habitual administration of CsA. There- 
fore, the use of a CD4-CDR3 peptide can complement 
and potentiate the immunosuppressive effects of CsA 
in the prevention of GVHD following allogeneic BMT. 
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Key Words: rD-mPGPtide; CD4 peptide; cyclosporin 
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INTRODUCTION 

Allogeneic bone marrow transplantation (BMT) is 
currently being used as a treatment for a number of 
disease states including leukemias, multiple myeloma 
myelodysplasia, aplastic anemia, and severe combined 
immunodeficiency (1). The major complications which 
impede the overall success of this treatment include 
the development of graft-versus-host disease (GVHD), 

1 This work was supported by U.S. Public Health Grants T32 
CA09683 (R.T.) and HL55593 (R.K.). 



failure to engraft, infections resulting from chronic 
immunoincompetence, and leukemic relapse. Acute 
GVHD is caused by contaminating mature donor T cells 
in the bone marrow graft and leads to significant mor- 
bidity and mortality. The inhibition of T cell responses 
following BMT, by various means, has proven to be 
effective in preventing GVHD. Cyclosporin A (CsA), 
which has moderate effects on GVHD, has become the 
basis for many of the immunosuppressive regimens (1). 

CsA has been shown to be a potent immunosuppres- 
sive agent for solid organ transplantation and is cur- 
rently being tested for treatment of several autoim- 
mune diseases (2). CsA is thought to specifically inhibit 
lymphocytes by binding to cyclophilin (CyP), and this 
CsA-CyP complex binds to and blocks the function of 
calcineurin. Calcineurin, a phosphatase, plays a criti- 
cal role in the signaling cascade of T cells leading to 
the production of cytokines such as interleukin-2 (IL- 
2) (5, 6). Although CsA has been successfully used for 
the treatment of GVHD following allogeneic BMT, it 
has associated drawbacks, including hepatotoxicity. 
neurotoxicity, and nephrotoxicity (1, 2). Previous stud- 
ies have also indicated that CsA can interfere with the 
normal thymic development of T cells leading to immu- 
noincompetency and the potential generation of autore- 
active T cells (3). Equally important is the need to ad- 
minister frequent doses of CsA to patients for up to 6 
months or more post-BMT, since alloreactive donor T 
cells can survive treatment and become activated once 
immunosuppression is halted (1). 

Our earlier reports documented that the CD4-CDR3 
peptide analog, rD-mPGPtide, was a potent inhibitor 
of murine CD4 T-cell-mediated immune responses, 
both in vitro and in vivo (4, 7, 8). In this regard, we 
also demonstrated that rD-mPGPtide suppressed the 
in vivo alloreactive responses associated with the onset 
of GVHD in the (B6 X DBA2)F, - (B6 X CBA)F, MHC- 
haploidentical irradiated BMT model (8). In this model, 
the donor and recipient mice possess a full MHC mis- 
match, involving both class I and class II differences. 
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Injection of irradiated (950 cGy) (B6 X CBA)F, mice 
with an inoculum of donor T cells along with donor 
bone marrow induced an acute GVHD reaction which 
resulted in fatality within 2-3 weeks. The current 
study indicated that rD-mPGPtide and CsA could in- 
hibit T cell responses in vitro and were more potent 
together than either agent was alone. Furthermore, 
administration of rD-mPGPtide to recipient mice fol- 
lowing BMT significantly increased the median sur- 
vival time (MST) of mice with GVHD, as did the admin- 
istration of CsA. However, when rD-mPGPtide and 
CsA were administered together, survival was greater 
than when either agent was administered alone. 

MATERIALS AND METHODS 

Mice. Mice, (B6 x DBA^ l(B6D2)F!] (\i-2™) and 
(B6 X CBA2)F, [(BGCBAJF,] (H-2 bk ), were purchased 
from The Jackson Laboratory (Bar Harbor, ME). Male 
mice were used as donors between the ages of 7 and 
12 weeks and as recipients between the ages of 9 and 
16 weeks. Mice were kept in a sterile environment in 
microisolators at all times and were provided with acid- 
ified water and autoclaved food. 

Media. Buffered saline solution (BSS) supplemented 
with 0.1% BSA (Hyclone, Logan, UT) was used for all 
in vitro manipulations of the donor bone marrow and 
lymphocytes. For injection, cells were resuspended in 
BSS alone. RPMI 1640 (Mediatek, Herndon, VA) sup- 
plemented with 10% FCS (Sigma, St. Louis, MO) and 
10 U/ml glutamine, 10 U/ml penicillin and streptomy- 
cin, and 0.05mM BME (Mediatech, Inc. Herndon, VA) 
was used for all in vitro mixed lymphocyte responses. 

Peptides. The peptides were designed as previously 
described (7), synthesized on an Applied Biosystems, 
Inc. (Foster City, CA) 430A peptide synthesizer using 
standard Fmoc chemistry, refolded to enrich for intra- 
molecular disulfide bonding, and purified by HPLC 
(Waters 600E system controller, Waters 490E pro- 
grammable multiwavelength detector, Millipore Corp, 
Bedford, MA) before use. The sequences of the synthe- 
sized peptides were as follows: rD-mPGPtide (CPG- 
PEEKRNELEC, all D-amino acids) and scrambled rD- 
mPGPtide (Scr-PGPtide; same amino acid composition, 
but scrambled sequence, CEPKNELPERGEC, all D- 
amino acids). For treatment of GVHD, peptides were 
reconstituted in BBS and injected at the appropriate 
dose and time into mice iv in a volume of 0.25 ml. 

Injections. All cell suspensions were given intrave- 
nously via the tail vein in a maximum volume of 0.5ml 
of BSS. 

Irradiation. All recipient mice received a 950-cGy 
exposure from a Gammacell 137 Cs source (116 cGy/min). 



mAbs. Ascites fluid for anti-Thy-1.2 (Jlj, rat IgM) 
and anti-CD8 (3.168, rat IgM) mAb were used for cell 
preparations. In addition, goat anti-mouse IgG (whole 
molecule) antibodies were purchased from Cappel-Or- 
ganon Teknika (Westchester, PA). Guinea pig serum 
prepared in our laboratory was used as a source of 
complement C for all mAb treatments. 

Preparation of celis. Bone marrow cells were ob- 
tained from the femurae and tibiae of donor mice by 
flushing with BSS w/0.1% BSA. To prepare anti-Thy-1- 
treated (T cell depleted) bone marrow (ATBM), cells 
were incubated with Jlj mAb (at 1:100 dilution) and C 
(1:25) for 45 min at 37°C and were washed four times. 
T-cell-enriched donor cell populations were prepared by 
treating pooled spleen and lymph node cells with: (a) 
Gey's balanced salt lysing solution containing 0.7% 
NH 4 C1 for removal of RBC; and (b) panning on a plastic 
petri dish precoated with a 5 //g/ml solution of goat anti- 
mouse IgG for 1 h at 37°C to remove B cells. These 
treatments resulted in populations of 90-95% CD3+ 
cells, as quantitated by flow cytometric analysis. Fur- 
ther purification of T cells into CD4 + cells was performed 
as described previously. These procedures resulted in 
purified populations of CD4 + cells (>90%) with no de- 
tectable presence of the inappropriate subset. 

Mortality assay for C VHD. Recipient mice were ir- 
radiated with 950 cGy and approximately 6 h later 
were injected intravenously with either donor ATBM 
(2 X 10 6 ) alone as a negative control or a mixture of 
ATBM plus donor T cells as indicated. Mice were 
checked daily for morbidity and mortality until the ex- 
periments were terminated at day 60 after trans- 
plantation. MST were calculated as previously de- 
scribed. Statistical comparisons between experimental 
groups for mortality curves were performed by the non- 
parametric Wilcoxon signed rank analysis. 

RESULTS 

The effect of rD-mPGPtide and cyclosporin A on alio- 
reactivity in vitro. To assess the effect of combining 
rD-mPGPtide and CsA on T cell responses in vitro, 
lymph node cells taken from (B6 X DBA2)F, mice were 
stimulated in vitro with irradiated (15 Gy) spleen cells 
from (B6 X CBA)F! mice. The proliferative response 
was measured by pulsing with [ 3 H]TdR for the final 
day of a 5-day culture. Titered concentrations of rD- 
mPGPtide (50-200 pM) were added to appropriate cul- 
ture wells in order to test the inhibitory properties of 
the peptide. As indicated in Table la, rD-mPGPtide 
inhibited proliferation in a dose dependent manner. 
Nearly 90% inhibition of the proliferative response was 
observed with the addition of 200 pM rD-mPGPtide, 
and the 50% inhibitory concentration (IC S0 ) was ap- 
proximately 100 pM. CsA was also a potent inhibitor 



TABLE 1 

In Vitro Inhibition of MLR by a Combination of rD-mP GPtide with CsA 

CsA (^g/mi) 



rD-mPCPtide (/xM) 0 0.001 0.01 0.1 



(A) (B6xDBA2)F, Anti-(B6xCBA)F, 

0 31.5 ± 3.3 23.1 ± 1.2 7.5 ± 3.6 ND 

50 24.8 ±13.6 19.5 ±0.8 9.0 ± 9.1 ND 

100 15.6 ± 4.7 12.9 ±5.3 3.5 ± 1.0 ND 

200 4.2 ± 0.8 2.7 ± 1.2 2.7 ±0.5 ND 

(B) CBA Anti-C57BL/6 

0 14.1 ± 3.0 ND 9.7 ± 0.5 4.2 ± 1.4 
17 7.7 ± 1.8 ND 6.0 ± 1.1 2.1 ± 0.7 
33 5.9 ± 2.7 ND 3.6 ± 0.9 2.8 ± 0 6 
67 2.5 ± 1.4 ND 1.5 ±0.3 1.0*0.7 



Note. Data are expressed as a response index ± SD. Response index is denned as the ratio of the | 3 H|TdR incorporated by experimental 
cells and the [ H]TdR incorporated by unstimulated responder cells. ND. no data. In each well, 2 X 10 s responder cells were stimulated 
with 4 x 10 5 irradiated stimulator cells. Wells were pulsed with 1 /iCi [ 3 H)TdR. 



of the MLR in the range of 1-10 ng/ml. In addition, 
the peptide and CsA exhibited an additive effect on 
inhibiting the proliferative response of the MLR, i.e., 
suppression was greater when the reagents were added 
together than with either one alone. This additive effect 
was also observed in MLR when other strain combina- 
tions were utilized (Table lb). 

The effect of combined treatment of rD-mPGPtide 
and cyclosporin A on GVHD. In an. attempt to evalu- 
ate the effect of combining rD-mPGPtide and CsA in 
vivo, an acute form of GVHD was induced in lethally 
irradiated (9.5 Gy) (B6 X CBA)F, mice by administra- 
tion of 5 X 10 6 (B6 x DBA2)Fj T cells along with 2 X 
10 6 (B6 x DBA2)F! ATBM. In this GVHD model, the 
untreated mice exhibited 80% fatality by day 20 post- 
transplant with a MST of 13 days (Fig. 1 A). Experimen- 
tal groups received either a daily ip injection of CsA at 
a suboptimal dose of 10 mg/kg, or rD-mPGPtide (0.5 
mg iv) on days 0, 3, and 6. The MST for mice treated 
with either rD-mPGPtide or CsA was 28 and 30 days, 
respectively. A combination of the two treatment regi- 
mens resulted in significant prolongation of survival 
(MST of 53 days) compared to the untreated group (P < 
0.05). In addition, the survival of the combination treat- 
ment group was significantly prolonged in comparison 
to either treatment alone [P <s 0.04). Thus. rD- 
mPGPtide and CsA have an additive inhibitory effect 
on the development of GVHD across MHC barriers. 

Combination of rD-mPGPtide and short-term CsA 
prophylaxis for GVHD. The inherent toxicity and per- 
sistent immunosuppression associated with CsA are 
major complications associated with long-term admin- 
istration for the prevention of GVHD, In this regard, 
it was hypothesized that rD-mPGPtide could eliminate 



the need for long-term CsA administration. To test this 
notion in the same haploidentical BMT model as de- 
scribed above, GVHD was induced by the transplanta- 
tion of 5 X 10 G donor (B6 X DBA2)F, T cells, and mice 
were either left untreated, injected iv with rD- 
mPGPtide (0.5 mg, days 0, 3, 6), or administered CsA 
(20 mg/kg) ip daily for 8 weeks (long-term CsA; Fig. 
IB). Two additional experimental groups received CsA 
either alone (20 mg/kg) ip daily for only 2 weeks (short- 
term CsA) or in combination with rD-mPGPtide (0.5 
mg iv, days 0, 3, 6), The survival of the rD-mPGPtide- 
treated mice (MST of 18 days) was significantly en- 
hanced (Ps 0.01) compared with that of the untreated 
group (MST of 8 days). Both CsA-treated groups exhib- 
ited enhanced survival compared with the untreated 
group as well (P <; 0.01). However, short-term CsA 
administration (MST of 43 days) was less effective than 
long-term CsA administration (MST of 61 days). The 
coadministration of rD-mPGPtide with short-term CsA 
therapy (MST of 59 days) significantly enhanced sur- 
vival of these mice (Ps 0.04) compared with the short- 
term CsA alone. It should also be noted that the sur- 
vival of the combined rD-mPGPtide and short-term 
CsA-treated mice was equivalent to that achieved with 
long-term CsA administration (P= 0.75). 

DISCUSSION 

It is apparent from our results that administration 
of rD-mPGPtide and CsA together can significantly in- 
hibit T cell reactivity both in vitro and in vivo, com- 
pared with either agent alone. The additive effect these 
agents display would allow for the reduced utilization 
of the more toxic immunosuppressive compound (CsA) 
while still maintaining the high degree of recipient sur- 
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FIG. 1. Effect of treatment with rD-mPGPtide and CsA on survival of mice undergoing GVHD across a MHC-haploidentical barrier. 
(B6 X CBA)F, mice were lethally irradiated (950 cGy) and transplanted with allogeneic (B6 x DBA2)F, ATBM (2 x 10 6 ) cells alone, or 
with unseparated donor T cells (5 x 10 6 ) as indicated. (A) Recipients of T cells were either left untreated (positive GVHD control), injected 
iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6, injected ip with CsA (10 mg/Kg) daily, or given both regimens as 
indicated in the figure. The data are representative of three separate experiments and 5 mice were utilized per group. (B) Recipients of T 
cells were either left untreated (positive GVHD control), Injected iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6, 
injected ip with CsA (10 mg/Kg) daily for 2 or 8 weeks, or given combinations of both regimens as indicated in the figure. The data are 
composites from two separate experiments, a total of 10 mice were utilized per group and significance was determined by non-parametric 
Wilcoxon signed rank analysis utilizing SYSTAT 5.2 software. 



vival following BMT seen with continuous utilization 
of CsA. The probable differences in the mechanisms of 
action of these compounds allow for the speculation 
that these two agents could suppress T cells in a com- 
plimentary manner. 

The mechanism by which CsA inhibits T cell responses 
via inhibition of IL-2 production is well known and can 
be partially blocked by the addition of exogenous IL-2. 
While the exact mechanism of rD-mPGPtide-mediated 
immunosuppression is still unclear, we previously dem- 
onstrated that the inhibition induced by rD-mPGPtide 



is not overcome by the addition of exogenous IL-2 (8), 
thus making the combined immunosuppressive effect 
more resistant to circumvention by cytokine rescue. Fur- 
thermore, rD-mPGPtide is an analog of the murine CD4 
molecule and has demonstrated little activity against 
CD8+ T cell responses. CsA is not specific to either T cell 
subset and thus will suppress CD8 + T cell responses. 
Thus, combining CsA with the peptide allows for inhibi- 
tion of both T cell subsets which contribute to GVHD. 
We have previously postulated the rD-mPGPtide acts on 
T cells by disrupting the formation of the multimeric 



CD4 complexes formed on the surface of the T cell upon 
TCR ligation thus preventing the proper cosignaling re- 
quired for fulminant activation. Since it has been demon- 
strated that CsA inhibits the TCR signaling pathway by 
binding to calcineurin, the combination of the two agents 
would disrupt both the primary and secondary signaling 
mechanisms required for T cell activation. The result of 
inhibiting two of the major signal pathways simultane- 
ously could result in the enhanced immunosuppressive 
activity seen. 

The data thus far suggest only an additive effect of 
these two agents on T cell responses and more experi- 
mentation is required to demonstrate a synergistic ef- 
fect of the compounds. In any case, the CD4-CDR3 pep- 
tide is indeed compatible with CsA treatment and in 
fact enhances its efficacy in preventing the develop- 
ment of GVHD following allogeneic BMT. 
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A structure-based designed peptide has been engineered to 
exhibit the same molecular surface as a portion of the CDR3- 
iike region in domain 1 of the murine CD4 molecule. Earlier 
in vitro experiments indicated that this analog, known as rf> 
mPGPtide, inhibited T-cell proliferation in mixed lymphocyte 
reactions and blocked activation of both normal C04+ T cells 
and T-cell lines after T-cell receptor triggering. In edditlon, 
rD-mPGPtide proved to be a potent inhibitor in vivo of CD4* 
T-cell-madlated experimental allergic encephalomyelitis 
disease In the SJL mouse model. In this current report, we 
have evaluated the potential of rD-mPGPtide for suppressing 
the development of graft-versus-host disease (GVHD) in an 
irradiated major histocompatibility complex (MHC)-haplo- 
Identical murine bone marrow transplantation (BMT) model 
KB6 x DBA/21F, - <B6 x C8A)F, (950 cGy)J. Our results Indi- 

A LLOGENEIC BONE MARROW transplantation (BMT) 
xX is currently being used as a treatment for a number of 
disease states including several types of leukemia, aplastic 
anemia, and severe combined immunodeficiency, among 
others.' The major complications that impede the overall 
success of this treatment include the development of graft- 
versus-host disease (GVHD), marrow graft rejection, chronic 
irnmuno-incompetence, and leukemic relapse (in the case of 
BMT for the treatment of leukemias). Acute and chronic 
GVHD is caused by residual mature donor T cells in the 
bone marrow graft and leads to significant morbidity and 
mortality. 2 Removal of the mature T cells from the graft 
before engraftrnent reduces or prevents GVHD; however, 
this T-cell depletion also leads to reduced engraftrnent along 
with increased leukemia relapse rates. 3,5 These observations 
suggest the importance of a T-cell component in a successful 
BMT, although it is not clear whether GVHD reactive T 
cells can be separated completely from either the antileuke- 
mia effect or from enhanced hematopoietic engraftrnent 
This question can only be approached by highly selective 
means of inhibiting those host-allospecific GVHD-reactive 
T ceils, while allowing for the potential development of 
antileukemia-specific responses and for protection from op- 
portunistic infections. 
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cated that early administration of rD-mPGPtide was effective 
in the inhibition of alloreectfve responses of the donor T 
cells against the host and thus delayed or prevented the 
onset of GVHD. The median survival time of animals treated 
with rD-mPGPtide was enhanced es much as four-fold with 
as little as a single dose of peptide at the time of transplant. 
Decreased alloreactivity was indicated by phenotyplc and 
functional analysis of positively selected thoracic duct lym- 
phocytes 4 days after transplant and by histopathological 
examination of skin end gastrointestinal tissue samples 4 
weeks later. Therefore, the administration of a CD4-CDR3 
peptide is an efficacious approach against the development 
of GVHD during allogeneic BMT. 
0 1 996 by The American Society of Hematology, 

The CD4 molecule on the surface of helper T cells, in 
association with the T-cell receptor (TCR)-CD3 complex 
that recognizes specific antigen in the context of MHC class 
II, plays a critical role in the transmembrane and intracellular 
signaling pathways required for T-cell activation. 6 " M It has 
been well-established in murine models that CD4* T cells 
are capable of mediating GVHD, primarily across MHC 
class U ba^riers, a,5 but also in some cases with minor histo- 
compatibility antigenic differences. UJ 5 Inhibiting CD4* T- 
cell responses by treatment of recipient mice with mono- 
clonal antibodies (MoAb) directed against the CD4 molecule 
has effectively decreased the incidence of GVHD following 
BMT. 16 " However, MoAb therapy has several limitations 
for potential clinical use, including but not limited to total 
subset depletion and immunogenicity of the MoAb it- 
self.' 9 ' 21 

In previous reports, we have described the design and 
production of a peptide that specifically mimics the CDR3- 
like region in die Dl immunoglobulin domain of the murine 
CD4 molecule. 22,2 * This peptide analog consists of thirteen 
amino acids (CELENRKEEPGPC) taken from the p86-94 
sequence of the CD4 molecule with the addition of a proline- 
glycine-proline-cysteinc sequence to the carboxyl terminus 
to allow cyclization and tertiary structural constraint. In order 
to make the peptide more resistant to protease degradation, 
it was synthesized with D-amino residues, necessitating the 
reversal of the amino acid order so that side chain presenta- 
tion would be similar to the native molecule. 23 As a result 
of these adaptations, this CD4 peptide analog is referred to as 
reverse D amino acid mouse proline-glycine-proline peptide 
(rD-mPGPtide). The rD-mPGPtide is neither T-cell subset 
depletive nor immunogenic and thus has advantages over 
the use of anti-CD4 MoAb. 

Our earlier reports documented that rD-mPGPtide is a 
potent inhibitor of certain types of CD4* T-cell-mediated 
immune responses both in vitro and in vivo. In this report, 
we demonstrate the potential of rD-mPGPude for inhibiting 
the in vivo alloreactive responses associated with the onset 
of GVHD in a major histocompatibility complex (MHC) 
haploidentical murine BMT model (B6 X DBA72)F, -» (B6 
X CBA)F| (950 cGy). In this model, the donor and recipient 
mice possess both class I and class 11 differences. Injection 
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of irradiated (B6 x CBA)Fi mice with a donor bone marrow 
inoculum supplemented with either 5 x 10* unseparated or 
1 X 10* CD4* enriched donor T cells induces an acute form 
of GVHD, which leads to fatality within 2 to 3 weeks. We 
show here that administration of rD-mPGPtide to recipient 
mice at vaiying times within the first week of transplantation 
significantly increased the median survival time of mice un- 
dergoing GVHD. 

MATERIALS AND METHODS 

Mice. Mice, (B6 X DBA/2)F„ ((B6D2)F, (H2 M )] and (B6 X 
CBA)F, [(B6CB)F, (H2" )), were purchased from the Jackson Labo- 
ratory (Bar Harbor, ME). Male mice were used as donors between 
the ages of 7 to 12 weeks and as recipients between the ages of 9 
to 16 weeks. Mice were kept in a sterile environment in microisola- 
tors at all times and were provided with acidified water and auto- 
claved food. 

Media. Buffered saline solution (BSS) supplemented with 0. 1 % 
bovine serum albumin (BSA) (Hyclone, Logan, UT) was used for 
all in vitro manipulations of the donor bone marrow and lympho- 
cytes. For injection, cells were resuspended in BSS alone. RPMI 
1640 (Mediatek, Hemdon, VA) supplemented with 10% fetal calf 
serum (FCS) (Sigma, St Louis, MO) and 10 U/mL glutamine, 10 
U/mL penicillin and streptomycin, and 0.05 mmol/L^-mercaptoeth- 
anol (Mediatech) was used for all in vitro mixed lymphocyte re- 
sponses. 

Peptides. Hie peptides were designed as previously described, 24 
synthesized on an Applied Biosystems 430A peptide synthesizer 
(Foster City, CA) using standard Fmoc chemistry, refolded to enrich 
for intramolecular disulfide bonding, and purified by HPLC (Waters 
600E system controller, Waters 490E programmable multi-wave- 
length detector; Millipore Corp, Bedford, MA) before use. The se- 
quences of the synthesized peptides were as follows: rD-mPGPtide 
(CPGPEEKRNELEC, all D-amino acids) and scrambled rD- 
mPGPtide (Scr-PGPtide; CEPKNELPERGEC, all D-amino acids). 
For treatment of GVHD, peptides were reconstituted in PBS and 
injected at the appropriate dose and time into mice intravenously 
(IV) in a volume of 0.25 mL. 

Irradiation. All recipient mice received a 950 cGy exposure 
from a Gammacell ,37 Cs source (116 cGy/min). 

MoAb. Ascites fluid for an ti -Thy- 1.2 (Jlj, rat IgM) M and anti- 
CD8 (3.168, rat IgM)" MoAb were used for cell preparations. In 
addition, goat ami mouse IgG (whole molecule) antibodies were pur- 
chased from Cappel-Organon Teknika (Westchester, PA). Guinea 
pig serum prepared in our laboratory was used as a source of C 
for all MoAb treatments. For phenotypic analysis of cells by flow 
cytometry, anti-murine CD4 (FITC-conjugatcd or biotinylated, as 
appropriate), CD25, CD71, CD95 (all biotinylated), and rat IgG 
(F1TC- or PE-conjugated, as appropriate) standard control antibodies 
were purchased from Pharmingen (San Diego, CA). 

Preparation of cells. Bone marrow cells were obtained from the 
femora and tibiae of donor mice by flushing with BSS with 0.1% 
BSA. To prepare anti -Thy- 1 -treated (T-cetl-depleted) bone mar- 
row ( ATBM), cells were incubated with Jlj MoAb (at 1 : 100 dilution) 
and C (1:25) for 45 minutes at 37°C and were washed four times. 
T-cell enriched donor cell populations were prepared by treating 
pooled spleen and lymph node (LN) cells with: Gey's balanced salt 
lysing solution containing 0.7% NH4CI for removal of RBC, and 
panning on a plastic petri dish pre-coated with a 5 /ig/mL solution 
of goat amimouse IgG for 1 hour at 37°C to remove B cells. These 
treatments resulted in populations of 90% to 95% CD3* cells, as 
quamitated by flow cytometric analysis. Further purification of T 
cells into CD4* cells was performed as described previously. 14 These 



procedures resulted in highly purified populations of CD4* cells 
(>90%) with no detectable presence of the inappropriate subset. 

Flow cytometric analysis. In a 96-well plate, 2 X 10 s cells/ 
sample were incubated and washed with BSS containing ]% fetal 
bovine serum (FBS) and 0.05% NaN 3 (FACS buffer). Antibodies, 
conjugated to either FTTC or biotin, were added to the appropriate 
wells in a volume of 25 yL for 30 minutes at 4°C then washed three 
times in FACS buffer and fixed overnight at 4^ in PBS containing 
1% paraformaldehyde. In the case of the biotin conjugated antibod- 
ies, PE-streptavidin (Caltag, San Francisco, CA) was added (1:100 
dilution) before fixation with paraformaldehyde and incubated for 
an additional 30 minutes at 4°C, then washed three times in FACS 
buffer and fixed with paraformaldehyde. Samples were analyzed on 
a Coulter Epics Profile II (Coulter Corp, Hialeah, FL). 

In vitro mixed lymphocyte reaction (MLR). Single cell suspen- 
sions of responder cells for the murine MLR were obtained from 
either spleen and lymph nodes or TDL, as indicated. Stimulator cells 
were obtained from the spleens of indicated mice, irradiated with 
15 Gy and washed three times with medium. In a 96-well plate 4 
X 10 s responder cells were incubated with 8 X 10 s stimulator cells 
or medium alone for the indicated period of time at 37°C, 5% C0 2 . 
Cultures were incubated with 1 f£i ['H]TdR/we]l for the final 24 
hours, harvested, and counted. The percent response was calculated 
in the following manner experimental CPM [ 3 H]TdR minus medium 
alone CPM)/(anti-(B6CB)F, only CPM ( 3 H]TdR minus medium 
alone CPM). Responses indices were calculated as a ratio of the 
experimental CPM f'HJTdR to the anti-(B6D2)F, only CPM [ 3 H]- 
TdR. When indicated, culture supernatants were removed and tested 
for cytokine production by CTLL bioassay, as previously de- 
scribed. 17 Briefly, 1 X 10* CTLL cells in 25 ^L medium were added 
to 100 /jL of culture supernatant in a 96-well plate. Anti-murine 
interleukin-2 (IL-2) MoAb was added at 2 /ig/mL in 25 pL to appro- 
priate wells, Cells were cultured for 24 hours and incubated with I 
jiCi [ 3 HJTdR/well for the final 6 hours, harvested, and counted. 
Experimental results were compared with a standard curve of mIL- 
2 and IL-4. Statistical comparisons between experimental groups 
for proliferation responses were performed by the Student's f-test 
analysis, using SYSTAT 5.2 software. 

Collection of thoracic duct lymphocytes (TDL). Anesthetized 
mice were cannulated 4 days after injection of I0 7 (B6D2)F, CD4+ 
T cells by insertion of an Intramedic PE 50 tubule into a fistula 
perforated in the cystema chylae, as previously described." The mice 
were then placed on an apparatus which allows the mice exercise and 
access to food while they are being infused IV with physiologic 
saline. The lymph was collected for 8 to 10 hours in 15-mL tubes 
containing 2 mL RPMI 1640 medium supplemented with 10% FBS, 
1 U/mL heparin, and kept at 4°C until assay. 

Mortality assay for GVHD. Recipient mice were irradiated with 
950 cGy and approximately 6 hours later were injected IV (in a 
maximum volume of 0.5 mL of BSS) with either 2 x 10 fi donor 
ATBM cells alone, as a negative control, or a mixture of ATBM 
plus donor T cells, as indicated. Mice were checked daily for morbid- 
ity and mortality until the experiments were terminated at day 60 
posttransplantation. Median survival times (MST) were calculated 
as previously described. 14 Statistical comparisons between experi- 
mental groups for mortality curves were performed by the nonpara- 
metric Wilcoxon signed rank analysis, using SYSTAT 5.2 software. 

Histopathologic^ analysis. Two mice per experimental group 
were killed on day 27 post-BMT and organs were removed and fixed 
with 4% paraformaldehyde. Ear skin and gut were then processed 
for embedding in paraffin. Paraffin sections (6 p) were cut and 
stained with hematoxylin and eosin (H&E). Sections were examined 
microscopically as indicated for the presence of inflammatory infil- 
trates and dyskeratotic or necrotic cells. 
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Fig 1. Inhibition of In vttro allogeneic MLfl by rD-mPGPtide. The 
data shown are representative of three separata experiments and 
expressed as mean percent response [*HITdR Incorporation of tripli- 
cate wells. The rD-mPGPtida was added at 200, 100, and 60 pmol/L 
to the appropriate wells end rhlL-2 was added at 100 U/mL to the 
appropriate wells. 



RESULTS 

rD-mPGPtide inhibits alloreactivity in vitro. Lymph 
node cells taken from (B6D2)F, mice were stimulated in 
vitro with irradiated (15 Gy) spleen cells from (B6CB)F, 
mice and the proliferative response was measured by [ 3 H]- 
TdR incorporation on day 4. Titered concentrations of rD- 
mPGPtide (50 to 200 /imol/L) were added to appropriate 
wells in order to test the inhibitory properties of the peptide. 
As shown in Fig 1, the addition of rD-mPGPtide inhibited 
proliferation in a dose-dependent manner. Nearly 90% inhi- 
bition of the proliferative response was observed with the 
addition of 200 pmol/L of rD-mPGPtide and the 50% inhibi- 
tory concentration (IC*) was 50 to 100 jimol/L. Further- 
more, the presence of 100 U/mL of recombinant human 
IL-2 in the cultures failed to re-establish the proliferative 
response. It appeared that rD-mPGPtide could inhibit allore- 
acu'vity generated by this MHC-haploidentical strain combi- 
nation in vitro, and thus had the potential to inhibit such 
immune responses in vivo, as well. 

rD-mPGPtide inhibits acute GVHD directed across a 
MHC barrier. An acute form of GVHD was induced in 
lethally irradiated (950 cGy) (B6CB)F, mice by IV adminis- 
tration of 5 X 10* (B6D2)F, T cells along with 2 X 10 6 
(B6D2)F, ATBM. In this GVHD model, the untreated mice 
exhibited 80% fatality by day 20 posttransplant with a MST 
of 13 days (Fig 2). Transplanted mice were also administered 
three different regimens of rD-mPGPtide treatment, includ- 
ing: (1) daily injections (0.5 mg/injection) from days 0 to 6 
post-BMT; (2) alternate days during this same time period 
(days 0. 2, 4, 6); and (3) every third day (days 0, 3 t 6). 
Treatment with these regimens of rD-mPGPtide increased 
the MST of these mice to 32, 30, and 28 days, respectively. 
The observed increases were statistically significant as com- 
pared with the untreated group {P < .03 for all of the rD- 
mPGPtide -treated groups), although there was little differ- 
ence between the three different regimens among themselves 
(P > .05). With time, all of the peptide-lreated mice that 



received donor T cells eventually succumbed to GVHD. 
Both CD8* and CD4* T cells are likely to play a role in the 
development of GVHD in this strain combination due to the 
fact that the donor and recipient mice differ at both class 1 
and class II MHC loci. Since the donor T cell subsets were 
unseparated, there was a potential development of a CD8 4 
T-cell-mediated GVHD, against which the rD-mPGPtide 
would be expected to have little effect. 

rD-mPGPtide inhibits acute GVHD mediated by MHC 
allogeneic CD4* T cells. To specifically evaluate the effect 
of rD-mPGPtide on CD4 + T cells during the GVHD re- 
sponse, an acute form of GVHD was again induced in irradi- 
ated (950 cGy) (B6CB)F, mice by administration of I x 10* 
(B6D2)F, CD4* T cells along with 2 x 10* (B6D2)F, 
ATBM. As shown in Fig 3, the MST for those mice left 
untreated was 25 days. Mice treated with rD-mPGPtide on 
days 0, 3, and 6 exhibited a significant increase in the MST 
to >60 days post-BMT (P < .02). In this case, 82% of the 
mice treated with rD-mPGPtide survived for the duration of 
the experiment, as compared with 27% of the untreated 
GVHD mice and 91% of the control mice transplanted with 
only ATBM (P < .02). A single injection of rD-mPGPtide 
also resulted in a significant increase in the MST (P < .05) 
with 80% of the mice surviving past 60 days. A cyclized 
control scrambled peptide (Scr-PGPtide) was also tested (0.5 
mg administered on days 0, 3, and 6) to ensure specificity 
of the rD-mPGPtide and did not significantly affect survival 
as compared with the untreated mice (P > .99), with only 
33% surviving past 60 days (Fig 3). The body weights of 
surviving animals at the conclusion of the experiment (day 
60) exhibited little differences between groups: 30.0 ± 1.0 
g for the ATBM group, 27.9 i 2.4 g for the GVHD group. 
26.6 ± 5 g for the rD-mPGPtide day 0,3,6-treated group, 
28.1 ± 1.3 g for the rD-mPGPtide day 0-treated group, and 
26.6 ± 3.3 g for the Scr-PGPtide -treated group. These data 
suggested that a chronic form of GVHD was absent in these 
surviving mice. To examine the possibility that regulatory 
cells were being generated during peptide treatment, 1.25 X 
10 7 spleen and LN cells from rD-mPGPtide- treated 
(B6CB)F,, mice more than 80 days posttransplantation of 
10 6 (B6D2)F, CD4 + T cells were transferred to de novo- 
irradiated (B6CB)F, mice undergoing GVHD by the same 
conditions. No enhancement of survival of the mice receiv- 
ing adoptively transferred lymphoid cells (MST = 16 days; 
percent survival = 20%) was observed, as compared with 
the GVHD mice receiving just donor CD4* T cells (MST 
= 13 days; percent survival = 0%). 

Histopathological analysis. To evaluate the peptide' s ef - 
feet on the clinical manifestation of GVHD in the target 
tissues, histology sections were prepared 27 days post-BMT 
from rD-mPGPtide- treated or untreated mice undergoing 
GVHD. Tissue samples were taken from ear skin and the 
gastrointestinal tract and examined for morphological 
changes such as swelling, cellular damage, and the presence 
of inflammatory infiltrates. In the ear skin and small intesti- 
nal tissue of the untreated GVHD mice (Fig 4B and E) there 
was significant inflammatory infiltration in comparison with 
the ATBM controls (Fig 4A and D). Numerous dyskeratotic 
and necrotic cells were also observed in the epidermal layers 
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Fig 2. Survival of mica undergoing GVHD across a MHC-haploldentkal barrier it enhanced by verying treatments with rO-mPGWde. 
(B6CB)F, mice were lethal ty Irradiated (950 cGy) and transplanted with allogeneic (BoWF. ATBM |2 x 10*) cells atone, or with unseparated 
donor T cells (5 x 10*). Recipients were eraw left untreated (positive GVHD control). Injected IV with rD-mPGPtide (0.5 mg) dally, every other 
day, or every third day between days 0 and 6. The data are representBtWe of three separate experiments end the numbers of mice used per 
group are Indicated In the figure. 
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Fig 3. Survival of rule* undergoing CD** T-caU-m«diatad GVHD across a MHC-fcaploldentlcel banter Is onhsnced by traatmonts with rO- 
mPGPUde. (B6C8JF, mice ware Istfially Irradiated 1950 cGy) and transplanted with allogeneic (B6D2)P, ATBM 12 x 10*1 cells alone, of with 
CM* T call, (1 x 10*1. The rD-mPGPtlde (05 mgl was administered IV on either day 0 alone or on days 0, 3. and 6. Scr-PGPtlde (0.6 mgl was 
injected on daya 0, 3. and 6 and had no significant effect on survival. Data ere pooled from two separate experiments end the total numbers 
of mice used per group ere Indicated In the figure. 
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Fig 4. Ear skin (A through C) and small intestine [D and El of irradiated (950 cGy) (BGCBIF, mice 27 days after the transplantation of either 
{B6D2JF, ATBM (2 x 10 s ) alone (A and 0) or with 1 x 10* (B6D21F, CD4* T cells, and left untreated (8 and E) or r D-m PGPtide- treated (0.5 mg) 
anilays 0, 3, and 6 (C and F). Two mice per group were examined. The epidermal layer and intestinal epithelium of mice receiving only ATBM 
(A and D) were devoid of cellular injury, whereas numerous dyskeratotic and necrotic cells (arrows) were observed in the untreated positive 
GVHD controls (B and E). Also note the cellular infiltrate in lamina propria of positive control intestine (Eh Pep tide-treated animals failed to 
exhibit significant skin (C) and gut IF) pathology, and resembled ATBM controls. {Final magnification: A C. *800; D-F, x500). 



of boih Ihc skill and guL suggesting GVHD-rclalcd cell 
death. In contrast, the tissue samples from the rD* 
in PGPtide -treated mice (Fig AC and F) exhibited limited 
inflammatory infiltrates and significantly fewer dyskeratotic 
cells. The differences between the groups were quantified 
by counting the number of dyskeratotic cells per linear milli- 
meter of epidermis (Fig 5). The samples from peptide-treaied 
mice displayed a two- to three- fold decrease in the frequency 
of dyskeratotic cells as compared with those from the GVHD 
control mice. These combined data suggested ihat prophylac- 
tic treatment of transplanted mice with rD-mPGPtide sig- 
nificantly reduced the clinical manifestations of GVHD. as 
evidenced by histological sampling. 

Effect of rD-mPGPtide on activation antigen expression 
in vivo— day 4 TDL To begin in vestigating the mechanism 
by which rD-mPGPtide prevents the onset of GVHD, we 
examined ihc cell surface of CD4 v T cells from transplanted 
mice for the expression of activation antigens including IL- 
2-receptor (IL-2K; CD25). Fas (CD95). and Transferrins- 
ccptor (Tr-R; CD7I ). Irradiated (950 cGy) (B6CB)F, mice 
wemransplanted with JO 7 (B6D2)F, CD4 f T cells, and on 
day 4 posttransplant their thoracic ducts were cannulated. 
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Fig 5. Dyskeratotic cells in the epidermal layer of ear skin were 
quantitated (tf /linear mmol/LJ for the same tissue samples as de- 
scribed in Fig 4, A C. Approximately 10 linear mmol/L were counted 
in each ear specimen Itwo mice per group). 
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Fig 6. Activation phenotvpe of TDL cells collected 
from mice undergoing GVHD is altered by treatment 
with rD-mPGPtide. (B6CB)F, mice (five mice per 
group) were lethally irradiated (950 cGy) and trans- 
planted with allogeneic {B6D2JF, C04* T cells (1 k 
10 7 ). Recipients were either left untreated or rO» 
mPGPtide (0.5 mgl was administered IV on days 0 
and 3. Mice were cannula ted on day 4 and TDL cells 
collected over an 6- to 10-hour period. (A) Expression 
61 CD25, C071, and CD95 as a percentage of the small 
lymphocytes and the blasting lymphocytes. (B) Row 
cytometric profile of the CD4* TDL cells for expres- 
sion of IL-2 receptor (CD25). The negative control 
samples for the control and peptide -treated lym- 
phocytes were 0% positive for CD25 with a mean 
fluorescence of 0.153 and 0.158. respectively. The 
negative control samples for the control and peptide- 
treated blast cells were 9% and 7<& positive for CD25, 
respectively, with a mean fluorescence of 0.226 and 
0.232, respectively. 
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TDL were collected over an 8 lo 10 hour period, and flow 
cytometric analysis was performed on Ihe retrieved cells. 
Transplanted mice (3 per group) were either left untreated 
or were injected IV with 0.5 mg rD-mPGPlide on days 0 
and 3. The TDL collected from each group were exclusively 
donoMype CD4* T cells; however, the flow yield of TDL 
collected from peptidc-treatcd mice was significantly less 
than those of the untreated mice, 4 X 10 s cells/mL versus 7 
X 10 s cells/mL, respectively. Both experimental groups of 
TDL contained a high percentage of blast-like cells (26% to 
28%), and were analyzed as a separate population from the 
remaining small lymphocytes. As shown in Fig 6A. the per- 
centage of TDL cells expressing the activation antigen CD25 
was very high (90% for blast cells and 60% for non-blast 
cells) in the mice undergoing GVHD. suggesting that the 



allogeneic donor CD4 ! T cells were reading to the host 
alloantigens. Treatment of the mice with rD-mPGPtide re- 
sulted in a 30% reduction in the percentage of non-blast 
cells expressing IL-2R and a 10% reduction in the percentage 
of blast cells expressing IL-2R. More notable, were the 
changes in the mean antigen expression of IL-2R on both 
the blast cells and the non-blast cells. Nearly a three- fold 
reduction was seen for both populations (Fig 6B). Tr-R ex- 
pression was also affected in a similar manner: however. Fas 
appeared to be expressed at a level of 50% in both cell 
populations and remains unchanged in the peptide- treated 
group (Fig 6A). 

A tlorcactivity of G VHD TDL cells. Asa measure of a I lo- 
reactivity, MLR cultures were established using the TDL 
collected above as respondcr cells. These cultures were stim- 
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Fig 7. Altoreactivity of TDL cells collected from 
mice undergoing GVHD is reduced by treatment with 
rD-mPGPtide. The TDL cells were collected in the 
same manner as described in Fig 6 and the data are 
representative of three similar experiments. (A) MLR 
proliferation responses to irradiated host 186CB)F, 
splenocytes were performed as described in the Ma- 
terials and Methods section. Data is expressed as 
the response index of proliferation ± SEM. (B) CTLL 
proliferation supported by culture supernatants from 
TDL alloresponses. Data is expressed as CPM ('HJTdR 
incorporation ± SEM. 



ulated with either irradiated (15 Gy) (B6CB)F, splenocytes 
or media alone for 48 hours and pulsed wiih | 5 H]TdR as a 
measure of proliferation for the final 24 hours. As shown in 
Fig 7A, [ 3 H)TdR incorporation by TDL from untreated con- 
trol mice was enhanced in response to (B6CB)F, stimulator 
cells, as compared with the syngeneic (B6D2)F, stimulator 
cells. TDL collected from the rD-mPGPtide- treated mice 
exhibited a 50% reduction in proliferation when incubated 
with the allostimulator cells as compared with the untreated 
TDL proliferation (P < .01). Furthermore, proliferation re- 
sponses to third party alloantigens (SJL spleen cells) remains 
intact following peptide treatment (P > .05). These results 
suggested that proliferative responses to alloantigen are im- 
paired in the pepude-treated mice. To further analyze this 
proliferative response, culture supernatants from another rep- 
resentative experiment were removed after 24 hours and 
analyzed for cytokine content by a CTLL bioassay. As 
shown in Fig 7B, supernatants from the untreated control 
TDL cultured with media alone were not capable of support- 
ing CTLL proliferation. Incubation of TDL with (B6CB)F, 
stimulator cells significantly enhanced the CTLL prolifera- 



tion of the culture supernatants. This proliferation was neu- 
tralized by anti-lL-2 MoAb suggesting little or no IL-4 
production by the TDL in response to the alloantigen stimu- 
lation. The TDL from the rD-mPGPtide- treated mice dem- 
onstrated slightly reduced cytokine production (P > .01). 
which was neutralized by anti-lL-2 MoAb as well, as com- 
pared with the untreated TDL. These results suggested that 
the proliferation defect of the TDL from peptide-treated mice 
may not be entirely accounted for by a reduced capacity to 
produce IL-2. 

DISCUSSION 

In this report, we have described a novel therapeutic ap- 
proach for the treatment of murine GVHD across a MHC 
barrier using a peptide analog of the CDR3 region of the 
murine CD4 molecule, rD-mPGPtide. Experiments per- 
formed both in vitro and in vivo have demonstrated a poten- 
tial for rD-mPGPtide to affect immune responses to alloanti- 
gens. The inhibition of the alloreactivc immune response was 
indicated in vivo primarily by the prolongation of survival of 
mice undergoing GVHD and reduced tissue destruction in 
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these mice. This enhanced survival was evident for GVHD 
induced by both unseparated T cells and purified CD4 + T 
cells (Figs 2 and 3). Even a single injection of rD-mPGPtide 
at the time of transplant was effective in delaying the onset 
of disease mediated by CD4* T cells. The protective re- 
sponse of the rD-mPGPtide appears to be specific as the 
control scrambled peptide failed to exhibit significant en- 
hancement of survival as compared with untreated mice in 
this model (Fig 3). 

Upon comparing the two experimental conditions tested, 
unseparated T cells and purified CD4* T cells, it is apparent 
that the rD-mPGPtide was more effective in preventing the 
GVHD induced by the purified CD4* T cells. We hypothe- 
size that in the case of the unseparated T cells, the rD- 
mPGPtide has limited effect on the CD8 + T-cell-mediated 
component of GVHD directed to MHC class 1 antigens, a 
large portion of which may actually be CD4-independent.° 
Yet, even under these arduous conditions, the CD4-CDR3 
peptide could prolong the survival time of recipient mice by 
at least 2 weeks. 

Based on the animal survival data, it is apparent that the 
alloreactive (B6D2)F, CD4* T cells from the donor are less 
potent at mediating GVHD in the rD-mPGPtide-trealed re- 
cipient. The anti-host specific donor T cells, themselves, are 
most likely rendered dysfunctional in their ability to respond 
to alloantigen. This is supported by several observations, 
including the reduction of in vitro alloreactivity and activa- 
tion antigen expression by the positively selected TDL col- 
lected from mice treated with rD-mPGPtide. In vitro allore- 
sponses and cytokine production were evident in the TDL 
of the mice undergoing GVHD (Fig 7, A and B); however, 
the TDL from the peptide-trcated mice exhibited a 50% 
reduction in the proliferative response to alloantigen, but 
only a 15% reduction in IL-2 production. This reduced pro- 
liferative capacity could be due to either an inability of the 
T cells to recognize alloantigen or the presence of fewer 
alloreactive T cells due to deletion and/or inhibition of 
expansion. However, these results suggest that the observed 
inhibition of proliferation is relatively independent of IL-2 
production. Furthermore, expression of all three activation 
antigens tested (DL-2R, Tr-R, and Fas) were increased on the 
TDL of GVHD mice (Fig 6A), whereas the TDL from the 
rD-mPGPtide-treated mice exhibited a marked reduction in 
the expression of IL-2R and Tr-R, yet no reduction in the 
expression of Fas. These findings may hold a clue to the 
mechanism by which this CD4-CDR3 peptide analog medi- 
ates inhibition of GVHD. It has been shown previously that 
the expression of Fas is required for the induction of T-cell 
apoptosis on incomplete activation, while the lack of Fas 
expression leads to T-cell anergy. 29 The continued high ex- 
pression of Fas on the TDL from the peptide-treated mice 
may allow for the induction of apoptosis of the allo-specific 
T cells on incomplete activation in the presence of peptide. 
Further investigation into the peptide mechanism is neces- 
sary to clarify this issue. 

Several recent reports propose that alterations in the im- 
mune response can be induced which generate a protective 
effect against various immunologically based disorders. 
These approaches include the polarization in cytokine pro- 



duction from ThI-like to Th2-like phenotypes * JI potentia- 
tion of other specific cytokines (eg, TGF0 32J3 ), inhibition of 
T-cell trafficking to target organs, 34 " 38 or the generation of 
non-lethal regulatory cells in vivo. 39,40 The switching of cyto- 
kine phenotype from Thl to Th2 has been reported to be 
induced by several agents including cytokines 41 and anti- 
CD4 Mo Ah. 42 * 43 The induction of a Thi immune response 
in GVHD has been correlated with lethality and a switch in 
the response to a Th2 phenotype has been shown to signifi- 
cantly prolong survivfu\ 3WI In this regard, we investigated 
whether or not rD-mPGPtide was inducing such a cytokine 
switch leading to protection of the transplanted mice. TDL 
taken from these peptide-treated mice demonstrated no ap- 
preciable difference in the IL-2 and IL-4 production profiles 
when stimulated ex vivo by alloantigen (Fig 7B). Therefore, 
our data do not support a rD-mFGPtide-induced cytokine 
switch phenomenon in alloreactive T cells during the devel- 
opment of GVHD to account for the inhibitory effects of the 
peptide. 

In order for the T cells to cause GVHD, they must be able 
to traffic to the appropriate target organs including the skin, 
gut, and liver. Inhibiting the trafficking of these alloreactive 
T cells could also lead to a reduction in the symptoms of 
GVHD. The expression of adhesion molecules such as 
CD44, ICAM-1, VCAM-1, and LFA-1 on the surface of T 
cells play an important role in controlling the trafficking of 
these cells to their target tissues. 35,44,45 The histopathological 
analysis of mice undergoing GVHD suggested that rD- 
mPGPtide was inhibiting the infiltration and subsequent de- 
struction of epithelial tissue in the skin and gastrointestinal 
tract (Fig 4). In addition to the possible inhibition of prolifer- 
ation and expansion of alloreactive T cells, this apparent 
inhibition of trafficking could also be a result of decreased 
expression of adhesion molecules on the surface of the acti- 
vated T cells or insufficient upregulation of the ligand mole- 
cules on vascular tissues. These possibilities are currently 
under investigation. 

The generation of regulatory cells controlling immune re- 
sponses in various mouse models of autoimmunity has been 
previously reported. 39 ' 40,44 Adoptive transfer of these cells 
from protected animals to unprotected autoimmune-prone 
animals can lead to protection from disease and is one way 
of demonstrating the existence of these regulatory popula- 
tions of cells. We examined this possibility by transferring 
spleen and lymph node cells from rD-mPGPtide- treated 
(B6CB)F, mice more than 80 days posttransplantation of 10 6 
(B6D2)F, CD4 > T cells to denovo-irradiated (B6CB)F, mice 
undergoing GVHD by the same conditions. We observed no 
enhancement of survival of the mice receiving adoptively 
transferred lymphoid cells as compared with the GVHD mice 
receiving just donor CD4* T cells. Thus, it appears that the 
generation of a regulatory population of cells is not responsi- 
ble for the observed protective effect of rD-mPGPtide in 
these mice undergoing GVHD. 

As a therapeutic modality, the rD-mPGPtide peptide 
mimic of the CD4-CDR3 molecular site appears to be an 
effective agent for the prevention of GVHD. We believe that 
the peptide primarily affects the alloreactive T cells that are 
being activated early after transplantation, rendering them 
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incapable of inducing GVHD. Results from recent EAE stud- 
ies 47 with the peptide provide strong evidence that inhibition 
is highly specific for CD4* T-cell responses to antigens pres- 
ent at the time of exposure to the rD-mPGPtide. One, 2, or 
14 days after treatment, there is no diminution in any of the 
lymphoid cellular compartments, including the CD4+ T-cell 
subset. In addition, lymph node T cells are fully functional 
in their capacity to respond to both recall antigens and to 
third-party alloantigens. The half-life retention of peptide in 
serum in mice is approximately 25 minutes and respon- 
siveness to any type of antigen stimulation is significantly 
inhibited for up to 6 hours after administration, but has virtu- 
ally no effect by 12 hours. Noting this short window of effect 
of the CD4-CDR3 peptide, it is a most intriguing possibility 
that if administered only within the first week of transplant, 
the peptide could leave the remaining non-alloreactive CD4 + 
T-cell population intact for subsequent development of re- 
sponses to opportunistic infections or potential leukemic re- 
lapse. Further studies are planned to clarify these issues. 
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